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Preparing an Effective Poster Presentation
Greetings GPNSS members! By the time you read this
editorial, many of have been experiencing the fury unleashed
by ‘Old Man Winter’ and may find yourself counting the
days until warmer spring temperatures return once again
to the Great Plains. Until then, just a couple more months
of bitter cold temperatures, strong winds, and blowing and
drifting snow. But not to worry, winter also provides the cold
weather enthusiasts among us a chance to enjoy a range of
outdoor recreational opportunities, a chance to reflect on the
previous year in review, exciting professional and personal
opportunities ushered in by the New Year, and spending time
with friends and family. For me, I write this editorial with just
a week to go before the start of the 2019 annual conference
of the Midwest Fish and Wildlife Conference. Though my
preparation for professional conferences varies annually,
a common denominator in any meeting I attend includes
preparing poster presentations, the subject of this editorial.
As active GPNSS members, we have all looked at
thousands of posters over our careers, among which those
that were well prepared stood out from those that essentially
presented a thesis or entire manuscript into the allotted space.
The tendency to cram as much information as possible into
a poster is complicated by the fact that poster displays often
occur in large, noisy venues competing with others to be
read; thus, they must have visual appeal to attract attention
(Krausman and Cox 2018). Posters that appear to be prepared
in haste with little consideration given to the presentation of
information often are not well received (Krausman and Cox
2018).  Developing a quality poster that effectively presents
the primary results of your research is not a trivial matter.
Thus, the objective of this editorial is to summarize the key
components for quality posters that will attract attention and
enable researchers to effectively display results of their work
(Krausman and Cox 2018).
There is a lot more that goes into developing a quality
poster. My objective is to outline the key components for
quality posters that will attract attention and allow you to
effectively present the results of your work.   Information
presented below was obtained  from Scientific Poster Design,
Cornell Center for Materials Research, Cornell University,
Ithaca, New York, USA (available at http://hsp. berkeley.edu/
sites/default/files/ ScientificPosters.pdf, accessed 20 January
2019) unless otherwise cited.

WHAT A SCIENTIFIC POSTER IS AND IS NOT
In many ways, a scientific poster can be thought of as a
dihybrid cross between an oral presentation and a published
paper (Miller 2006) and thus, should be given as much thought
as alternative forms of scientific communication and not be
constructed last minute or as an afterthought (Krausman and
Cox 2018). This is especially important because posters are
visual media meant to elicit interaction between the reader
and the author. Posters highlight your research and should
not be considered second rate.   An effectively prepared
poster can allow you to make professional contacts, provide
for the exchange of information, and promote your research
and your organization (Jacobson 2012). Posters provide
more personal dialogue with people interested in your topic
(Beilenson 2004) and allow you to reach out to others not
in your field. They should be understood by all types of
researchers, managers, and policy makers.
Posters often provide advantages over oral presentations
because your work can be examined in your absence,
displayed in your office or more broadly across your
department or college after the conference, or posted on a
variety of social media venues to reach folks in other fields
(Krausman and Cox 2018). In addition, they can present
aspects of proposed study designs, preliminary results,
or observations from a multi-year study that encourage
feedback from experts in the field on how to proceed in future
years. Developing a poster provides you with experience in
preparing a “boiler plate” summary of why your project is
interesting and potential utility of your findings to others in
the field, a valuable skill for students and early professionals
(Krausman and Cox 2018). Establishing direct links between
data analyses, conclusions, and study objectives rather than
making readers translate statistics and interpret findings will
ensure that your poster is read, understood, and remembers
(Nelson et al. 2002, Krausman and Cox 2018).
POSTER DEVELOPMENT
Like oral and written presentations, posters contain much
of the same information as oral talks and written documents,
though differ in presentation.   For one thing, you’ll need
to hook the reader with a “catchy” title, and a couple of
sentences to get them hooked to read the rest (Krausman
and Cox 2018). Do your best to develop creative illustrative
hooks (e.g., photos, bold statements) by explaining why your
research is needed and how it can be used to advance scientific
knowledge or aid in future conservation and management.
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Think of your poster as a graphical abstract that conveys
to readers 1) why was the study conducted (i.e., justification),
2) what procedures were used to assess the problem (i.e.,
methods), 3) what were the main results, and 4) what are the
management implications or recommendations derived from
your results (Krausman and Cox 2018). Focus on the “who
cares” question by concisely and clearly explaining how
your research advances science, aid in future management, or
directs policy. A poster is a short story that should describe
the major parts of research and pique interest in readers with
the “less is best” philosophy (i.e., strive to keep it to no more
than 750 words; Krausman and Cox 2018). Tell your story in
a clear, concise manner with 1–3 take home messages that the
methods and results will support (Krausman and Cox 2018).
In short, simplify, simplify, and simplify some more! Your
poster should sell your research in a matter of seconds, which
is most easily accomplished by considering the following
guidelines (Krausman and Cox 2018).
1. The ideal poster design consists of 3 columns across
with 3 sections per column from left to right and top to
bottom. Each section should be left aligned. Make it easy
to read going from top to bottom and left to right in logical
order. Flow is important, and often is aided by using bulleted
or numbers text in each section rather than large blocks of
narrative in paragraph form (Krausman and Cox 2018).
2. Construct your poster using the same major sections
that you do when preparing a scientific manuscript (i.e.,
introduction, study area, methods, results, discussion, and
management implications). The introduction should justify
need for your study (i.e., brief statement of why study is
important), the organism/system under study, and how data
derived from your work will add to the literature (Krausman
and Cox 2018). The objectives should be clearly enumerated
or bulleted as a separate section following the introduction.
Methods should provide a concise summary of how, where,
and by whom data were collected and analyzed. Primary
results should be compelling, clearly conveyed using figures,
and limited to simple statements of what was found (Krausman
and Cox 2018).  The Discussion should briefly synthesize the
2 or 3 most important results, and how they inform future
management or conservation programs or policies related
to the issue (Miller 2006, Jacobson 2012). A Management
Implications section can be included if you have specific
recommendations derived from your results (Krausman and
Cox 2018). In the case where proposed research is being
presented, consider using this space to briefly describe the
expected benefits and next steps of the project (Krausman
and Cox 2018).
3. Use the same type font style throughout the poster.
As a general rule of thumb, readers should be able to read
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your poster from 3 m away. Avoid the use of fancy fonts
when constructing posters. Instead, choose simple typefaces
(i.e., Aerial) and bold type on illustrations. Large type (~85
point) and capitalization of important words should be used
for the title. In addition, use 40 to 48-point font for authors’
names and addresses, 56 point font for subheadings, 36 to
40-point font for the text, and approximately 18 to 24-point
font for captions. Of course these may vary depending on the
poster content, so feel free to experiment with different sizes
for maximize visual appeal of your presentation.
4.
Keep aspects of your study design (i.e., descriptive
data and field/laboratory methods brief; Briscoe 1996,
Beilenson 2004). Added technical detail should be provided
during conversations with viewers. Nevertheless, be sure
to provide enough information on the poster to facilitate
comprehension of your story line by viewers. Try to let
your figures do most of the talking and avoid the use of
abbreviations, technical detail, and colloquial terms and
jargon (Beilenson 2004).
ADDITIONAL CONSIDERATIONS
These guidelines should help you to design a poster that
is visibly appealing, technically correct, and of interest to
readers. In addition, the following considerations will aid in
helping attract the attention of readers among the hundreds of
posters hanging at the poster session.
1.
Because posters are visual, tables, figures and
pictures should dominate, but make sure they are concise and
clear.
2.
Be sure to use appropriate and compatible colors
for font type and backgrounds. Color combinations with
visibly pleasing contrasts are preferable to white or exotic
backgrounds (i.e., use dark type on light backgrounds). Try to
limit backgrounds to no more than 2–3 colors and be mindful
that busy backgrounds sever only to distract from your
message (Krausman and Cox 2018). Examples of suggested
combinations are yellow type on a blue background, and
white type on a dark green background. Clear and intriguing
images of the study subject (i.e., action photos), clean lines,
and white space to tell your story are preferable to the use of
dark illustrations, dark backgrounds, and colors you have not
tested before (Powell 2012). In short, keep your presentation
visual!
3.
Simplify the visual display. Convey only 1 idea per
table, figure, or other illustration.  Simply copying and pasting
figures or tables from publications (i.e., journal articles,
dissertations, theses) into a poster often contain too much
detail and detracts from the primary message, and thus do not
make good graphical illustrations for posters (Krausman and
Cox 2018).
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4. Text, appealing graphics, and empty space should
be used in approximately equal proportions throughout the
poster. Don’t be afraid to leave empty space or make use of
white space, as both increase readability and make posters
look inviting (Jacobson 2012).
5.
All illustrations should effectively depict what you
want your audience to see, which may be aided by including
poster elements that show relative size of organisms or spatial
extent of study area (i.e., scale bars for maps).
6.
Resolution of photos (saved as jpg or png) and line
art (saved as png) should be from 150–300 dpi.
7.
Last but not least….edit, edit, revise, and edit some
more! Try to prepare your poster a few weeks in advance of
when it will be presented. This will provide you with time
to edit for content. Following initial edits, let your poster sit
for a couple of weeks before editing again with “fresh eyes.”
Then have your poster reviewed by authors and outside
referees, edit some more, and revise again.
POSTER DELIVERY ETIQUETTE
Be sure you or a coauthor are present at the poster during
the appointed time. Also, prepare for the event by rehearsing
a short (i.e., 2–3 minute) verbal explanation of your work
(i.e., “sales pitch) ahead of time. Strive to keep conversations
friendly and interactive (2-way) with viewers and consider
providing your business cards or summary materials (i.e.,
printed abstracts, mini-posters) for interested viewers to
demonstrate that you are well organized and value their
time spent discussing your research (Krausman and Cox
2018). Until next time, I hope these guidelines will help you
design the most effective poster possible for presenting your
research!
—Christopher N. Jacques
Editor-in-Chief
LITERATURE CITED
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Metabolic Gas Emissions from Prairie Soil Containing Foraging Termites
CHARLES E. KONEMANN, B. M. KARD, TOM A. ROYER, and MARK. E. PAYTON
Department of Entomology and Plant Pathology, 127 Noble Research Center, Oklahoma State
University, Stillwater, OK 74078-3303 USA (CEK, BMK, TAR)
Department of Statistics, 301B Math Sciences Building, Oklahoma State University, Stillwater, OK 74078-1056 USA (MEP)
ABSTRACT Differences in subterranean termite metabolic gas emissions are readily observed in laboratory experiments.  
However, in natural field ecosystems a primary difficulty in measuring subterranean termite gases is non-homogeneous
distribution of foraging termites in soil.  Our field experiment was designed to aggregate foragers of the 'eastern subterranean
termite', Reticulitermes flavipes Kollar (EST), in one of four flux chamber configurations placed on a tallgrass prairie throughout
2014 and 2015.   We used differently configured flux chambers to measure metabolic gas emissions from soil with or without
foraging termites on The Joseph H. Williams Tallgrass Prairie Preserve (TGPP) in north-central Oklahoma. Foraging termites
aggregated in wood-filled flux chambers that were inserted into the topsoil, thereby producing significantly greater amounts of
carbon dioxide (CO2) and methane (CH4) during spring and summer months compared with termite exclusion control chambers.
Natural, non-disturbed soils emitted no CH4, but did emit significant amounts of CO2 compared with sterilized-soil control flux
chambers.  We found no significant differences among treatments during cold winter months when environmental factors were not
conducive to termite foraging.  Seasonal environmental factors such as soil moisture and temperature, and air temperature affected
gas emissions. Termites contributed to overall 'baseline' background metabolic gas emissions from TGPP soil.
KEY WORDS carbon dioxide, gas flux, methane, Reticulitermes flavipes, tallgrass prairie.
Globally, wood-eating subterranean termites inhabit
many ecosystems and are important recyclers of cellulose.
The 'eastern subterranean termite', Reticulitermes flavipes
(Kollar; EST), is a soil-dwelling eusocial insect found
across the United States east of the Rocky Mountains, with
its densest numbers populating subtropical regions of the
southern Gulf Coast (Grace et al. 1989). Southeast Oklahoma
is subtropical with the remainder of the state in the temperate
region (USDA 2006). Oklahoma contains four indigenous
subterranean termites including the EST and the 'arid-land
subterranean termite', R. tibialis Banks (ALST), the 'light
southeastern subterranean termite', R. hageni Banks (LSST),
and the 'dark southeastern subterranean termite', R. virginicus
Banks, with EST most prevalent (Smith et al. 2010). Although
Reticulitermes spp. are important economic structuredamaging pests, in nature they are beneficial primary reducerdecomposers of fallen trees and plants including grasses
and woody shrubs populating North American grasslands
(Stanton 1988, Su et al. 1993).  Foraging termites influence
soil aeration, fertility, texture, organic matter content, and
water retention. Similar to other soil-dwelling arthropods
like ants, termites act as soil engineers, altering soil physical
characteristics by tunneling and excavating soil and moving
it from lower soil horizons to the surface (Jouquet et al.
2006). These processes increase soil fertility, enhance water
percolation and soil water-holding capacity, and influence
rhizosphere nutrient cycling and root dynamics (Whiles and
Charlton 2006, Frouz and Jilkova 2008). Termite activities
in soil contribute to heterogeneity of both aerobic and
anaerobic soil microbes (Lavelle et al. 1992). Termites also

provide a food resource for numerous prairie animals, filling
another important role in ecosystem balance. They readily
recover from natural range fires that are initiated by lightning
strikes, or by man-made range improvement prescribedburn management practices. Within prairies and rangelands,
termites conduct several beneficial activities that improve the
overall health of their soil habitat.
Pierce and Sjogersten (2009) estimated that ~10% of
atmospheric CO2 emanates from soil. Globally, this is 10- to
15-times greater than CO2 produced by fossil fuels (Raich and
Potter 1995, Muñoz et al. 2010). Nutrient-rich prairie soils
in temperate regions of North America constitute an essential
source of CO2, nitrous oxide (N2O), and CH4 originating
from aerobic and anaerobic bacteria and deposited by soildwelling invertebrates such as earthworms and numerous
arthropods including termites (Panzer 2002, Smith et al.
2003, Hendrix et al. 2006). Microbial digestion of organic
matter produces large quantities of CO2 that diffuses into
the atmosphere from the soil surface-air interface (Kern and
Johnson 1993, Kuzyakov 2006).  Plants also directly affect
soil respiration through their root respiratory processes, and
indirectly by deposition of detritus within soil and on the soil
surface, creating ideal habitat for soil microbes (Knapp and
Seastedt 1986, Raich and Potter 1995, Raich and Tufekcioglu
2000).
Cook (1932) was first to postulate that a gas, which
he hypothesized was CH4, was produced by degradation
of cellulosic materials by symbiotic prokaryotes in the
termite hindgut. Termites in in the family Rhinotermitidae
depend on symbiotic protozoa and bacteria in their hindgut
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to aid digestion of cellulose (Inoue et al. 1997). Methane
is produced in the hindgut of termites by fermentation of
glucose as cellulose is decomposed by microorganisms.
The CO2 and H2 produced are further converted to CH4 and
acetate by anaerobic bacteria (Sugimoto et al. 1998). This
CH4 arises from processes of the methanogenic Archaea
that catalyze the reaction 4H2+CO2 → CH4+2H2O. Other
microbes are responsible for acetogenesis and catalyze the
reaction 4H2+2CO2 → CH3COOH+2H2O, also occurring
in the termite hindgut. This demonstrates that competition
occurs for the same H2 molecules required for both reactions,
and that feeding habits of termites determine the metabolic
pathway where H2 is utilized most (Leadbetter and Breznak
1996). These processes in wood-feeding termites such
as EST primarily produce acetate. However, CH4 is also
produced during fermentation in their hindgut (Brauman et
al. 1992). While CO2 is primarily produced through aerobic
respiration, measurable amounts are also produced through
digestion (Brauman et al. 1992).
Our primary objective was to determine the contribution
of EST-produced metabolic gases CO2 and CH4 to total
normal background gas flux emanating from soil on The
Joseph H. Williams Tallgrass Prairie Preserve (TGPP).
Our second objective was to determine the influence that
the environmental conditions air and soil temperature, soil
moisture, and relative humidity have on EST and soil gas
emissions. The EST was chosen for this experiment because
little is known about the impact of its metabolic gases on
CO2 and CH4 flux from native grassland soils.  In addition,
although there are multiple Reticulitermes species within the
TGPP, only EST was found within test plots.
STUDY AREA
The TGPP in Osage County, northeastern Oklahoma,
consists of natural rolling prairie that is owned and managed
by The Nature Conservancy. The historic 11,800-ha Barnard
Ranch cornerstone property was purchased by The Nature
Conservancy in late 1989. Additional adjoining properties
were subsequently purchased to bring the preserve to its current
16,046 ha (Hamilton 2007). The TGPP lies between 36°42.1'
and 36º54.3' N latitude and 96º15.8' and 96º29.5' W longitude
and encompasses a variety of grassland, forest cross-timbers,
riparian wetland, and limited disturbed habitats.   Identified
flora consists of 763 species in 411 genera and 109 families
with 12% of these species being non-native to Oklahoma
(Hamilton 2007, Palmer 2007). Native plants make up 90%
of all flora on Oklahoma open prairies, dominated by big
bluestem (Andropogon gerardii), Indian grass (Sorghastrum
nutans), tall dropseed (Sporobolus compositus), switchgrass
(Panicum virgatum), and little bluestem (Schizachyrium
scoparium) (Palmer 2007). A linear band of mixed hardwood
forest cross-timbers, originating in Kansas and ending in
Texas, runs north-to-south across eastern TGPP and consists

primarily of post oak (Quercus stellata) and blackjack oak
(Q. marilandica). Riparian areas bordering several streams
are characterized by a diverse assortment of xeric hardwoods
(Palmer 2007). Grasslands of the TGPP are subjected to biannual prescribed patch burning to help control invasive plant
species in grazed and non-grazed areas (Hamilton 2007).
The TGPP is home to the EST and LSST, both found
within open prairie and adjacent cross-timbers forest. Smith
et al. (2012) estimated that foraging population numbers for
individual EST colonies on the TGPP ranged from 103,193
± 7,081 to 422,780 ± 19,297 individuals, and from 44,170
± 4,879 to 207,141 ± 9,190 individuals per LSST colony.
Brown et al. (2008) estimated EST foraging populations of
10,000 to 180,000 individual termites on TGPP grassland
proper, with estimated foraging territories ranging from 9.0
to 92.3 m2 of prairie surface.
METHODS
Experimental Design
We conducted our study on a non-grazing area known as the
Hill Pen site, which is subject to bi-annual prescribed burning
with the most recent burn conducted during May 2015. This
site is part of the TGPP proper, and is representative of the
prairie as a whole based on abundance and diversity of native
grasses. We determined CO2 and CH4 flux measurements and
termite foraging numbers in flux chambers over two growing
seasons starting May 2014 and continuing through December
2015. We utilized a 'checkerboard' grid layout with nine
horizontal and nine vertical rows containing 81 perpendicular
interior line intersections, 3.0 m on center. Each intersection
of two lines represented one possible flux chamber location
point, of which 40 were used.  Ten flux chambers for each of
four different treatments were individually assigned to one
of the 81 line intersections for randomized complete block
model analysis.
Flux Chambers
Flux chambers were modified from Parkin and Venterea
(2010) and constructed from 3.78-L cylindrical metal paint
cans measuring 18.8-cm tall × 16.0-cm diameter, with an
epoxy coating on the interior surfaces to prevent corrosion.
We removed chamber bottoms to allow for influx of gases
emanating from the soil.   Lids were modified to include a
self-sealing rubber sampling septum as described by Mehra
et al. (2013).  This configuration allowed for chamber interior
atmosphere sampling, and accommodated a vent tube to
prevent interior air pressure build-up when the lid was in
place while allowing for increase in interior CO2 and CH4
concentrations (Parkin and Venterea 2010). We installed
a sampling septum by punching a 1.97-cm-diameter hole
in each lid and inserting a 2.0-cm-diameter rubber septum
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(Hutchinson and Livingston 2001, Butnor et al. 2005,
Livingston et al. 2006), and constructed a vent tube using
0.95-cm outside diameter (0.63-cm inside diameter) flexible
copper tubing inserted through the lid and sealed using
a 0.95-cm-diameter bulkhead-fitting rubber O-ring.   The
copper tubing was cut to 15.2-cm length and bent to form a
double-curved 'C' shape in a manner to allow insertion into
al. • Gas
from
Termites
Soil
theKonemann
bulkheadetfitting
andEmissions
through the
O-ring,
andand
also
position
the open ends approximately 5-mm above and below the lid
701 surfaces (Fig. 1).
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713
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715

16 cm

Figure 1. Flux chamber containing wooden boards (Fig. 1.1; Treatment A) or native non-sterilized soil (Fig. 1.2; Treatment B).

716 *A=Vent tube; B=Bulkhead fitting; C=septum; D=lid; E=Head space; F=In-ground portion-wooden boards (1.1), or non-sterilized native
Cut-away views for demonstration. Stainless-steel-mesh-wrapped flux chamber exclusion control with mesh-wrapped open bottom
717
soil (1.2), 12-cm depth; G= Stainless-steel-mesh termite exclusion barrier (1.3).

(Fig. 1.3; Treatments C and D). Treatment C contains wooden boards; Treatment D contains sterilized soil.

718 *A=Vent tube; B=Bulkhead fitting; C=septum; D=lid; E=Head space; F=In-ground portion-wooden boards (1.1), or non-sterilized
719 native soil (1.2), 12-cm depth; G= Stainless-steel-mesh termite exclusion barrier (1.3).
720 (Patents pending. Photographs © C. E. Konemann and B. M. Kard)
721
722

Figure 1.

Treatments
We assembled and installed four different flux chamber
configurations: (1) Wooden-board- filled flux chamber with
the bottom cut off and open to the soil, and therefore accessible
to foraging termites (Fig. 1.1; Treatment A). This treatment
facilitates aggregation of foraging termites at relatively high
population densities within the chamber, enabling us to more
readily detect and quantify their CO2 and CH4 output; (2)
Flux chamber half-full of non-sterilized native soil with the
bottom open to foraging subterranean termites and other soil
organisms. We designed this treatment to monitor normal
background CO2 and CH4 produced by naturally occurring
soil-dwelling organisms, including termites and plant roots
(Fig. 1.2; Treatment B); (3) Sterilized soil termite-exclusion
flux chamber control treatment.  These flux chamber control
treatments containing sterilized soil were protected from

present and feeding on wood (Fig. 1.3; Treatment D).
Treatments C and D utilized stainless steel mesh screen that
encased the flux chamber open bottom to exclude termites,
plant roots, and other soil-borne arthropods and animals from
access to sterilized soil or wooden boards inside, respectively.
Treatment A flux chambers contained 13 wooden
boards aligned and stacked together lengthwise, with each
board separated by a non-sterile 12-cm-long wooden
tongue depressor to create open space between boards to
accommodate foraging termites. Boards were 12-cm tall to
allow for consistent open headspace gas sampling volume.
We trimmed each group of boards to an octagon shape,
ensuring a tight fit within the chamber (Fig. 1.1; Treatment
A). For Treatment B we minimized soil disturbance by
tracing the bottom edge of the cylindrical chamber onto
the soil surface, and then cutting a 12-cm-deep circular slit
into the soil along the trace with a serrated-edge trowel. We
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then inserted the empty flux chamber into the slit by gently
tapping on the chamber top edge with a rubber mallet until the
chamber bottom edge reached 12-cm deep.  We then firmly
packed the soil against both the interior and exterior walls of
the chamber at the soil surface-wall interface to create a tight
seal. The open bottom allowed plant roots and soil-borne
arthropods, including termites, access to the flux chamber
interior (Fig. 1.2; Treatment B)
Sterilized-soil chambers were similarly inserted into the
topsoil to a 12-cm depth. The enclosed sterilized soil was
cut flat across the bottom of the chamber, creating a 12-cmdeep soil core (Fig. 1.3; Treatment C). We then wrapped the
bottom of these chambers with stainless steel mesh, sterilized
the chamber in an autoclave for one hour, and then re-inserted
these chambers into their original 12-cm-deep hole within the
grid. Treatments C and D termite exclusion chambers were
constructed identically to Treatment A, but with stainless
steel mesh wrap added.
Gas Sampling
Methods for sampling and storing collected gases
were modified from Rochette and Bertrand (2003).   Glass
containers used for holding extracted gas samples consisted
of a 20-ml crimp-top collection vial sealed with a 20-mm
grey butyl septum and 20-mm aluminum crimp ring seal
(ThermoScientific, Rockwood, TN; parts #60180-506,
#60180-744, #500-334).  A grey butyl septum was placed on
each vial, followed by the aluminum crimp ring seal using
a manual crimping tool (ThermoScientific; part #C4020100). We evacuated collection vials for 30-sec using a Welch
Duo-Seal® vacuum pump (Sargent-Welch Scientific Co.,
Skokie, IL.   Model #1405) and then used each evacuated
vial in conjunction with a two-way, dual-point Vacutainer®
EclipseTM blood collection needle (Daigger Scientific,
Vernon Hills, IL; product #EF2392B) attached to a modified
50-ml conical centrifuge tube that held the vial. We inserted
the longest needle of the dual-point needle through the flux
chamber septum, with the shorter needle covered by a butyl
rubber sheath pointing upward. The shorter-needle sheath
allowed us to insert the long needle through the septum and
into the flux chamber without venting internal chamber gases.  
The short needle sheath separates away from the needle as it
is inserted through the collection vial rubber septum, allowing
the pre-evacuated, negative pressure to automatically draw
air from inside the flux chamber.   The short needle sheath
reseals when the vial is removed from the holder.
Gas Flux Determination.—We collected the first group
of gas samples one month after initial field placement of
flux chambers by extracting gas samples from each chamber
in sequence at 0-, 30-, and 60-min timed intervals. We
emplaced and sealed chamber lids just prior to sampling so
that CO2 and CH4 were at ambient concentrations (~375 ppm
CO2; ~1.75 ppm CH4) inside each chamber at the start of gas
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extractions. Time-0 samples were taken immediately after
the lid was placed on top of the flux chamber, followed by
time 30- and 60-min samples (Parkin and Venterea 2010,
Mosier et al. 2006). This created three time points required
to calculate gas flux (Parkin and Venterea 2010).   To help
prevent gas concentration build-up inside the chamber due to
heat, we took gas samples during early morning (0630 hours
through 0930 hours) between May and October. During cold
weather months of November through April, heat build-up
was not a contributing factor. However, to stay consistent
with warmer months we extracted gas samples during the
same morning hours. We returned crimp-top sampling vials
to the laboratory within 24 hrs, where their air samples were
analyzed using gas chromatography (GC). However, due
to GC usage scheduling, on rare occasions samples were
analyzed 48- to 72-hrs after extraction. In these instances
we stored gas samples in the collection vials at 2° C prior
to analysis to prevent potential degradation (Rochette and
Bertrand 2003).
Gas Chromatography.—For gas analyses, we used a
Varian® 450 GC that incorporated a thermal conductivity
detector (TCD) for CO2 and a flame ionization detector (FID)
for CH4. Gases were separated by an 80/100-mesh-packed
column (Mosier et al. 2006, Parkin and Venterea 2010). The
GC is interfaced with a Dell OptiPlex desktop computer with
Windows XP® Office operating system.  Varian Galaxie® data
collection software controls all GC functions including run
time, and injector, oven, and detector temperatures, as well as
integrating data and automatically calculating CO2 and CH4
ppm (mg•kg-1). We set the injector temperature at 135° C,
the TCD at 120° C, and the FID at 300° C. Samples were
analyzed using an isothermal oven temperature program
at 50° C for 7.0-min followed by 1.0-min stabilizing time,
totaling 8.0 min. A 5.0-ml air sample from each vial was
injected into the GC for analysis.
Flux Analyses.—Chromatograph analyses provided
defined areas under CO2 and CH4 target peaks. Dividing
the area under the target peak by the area under the standard
peak provided a percentage measurement of the target peak
in ppm.  Linear regression determined slope, which defines
change in gas concentration over time (0 min; 30 min; 60
min). We used the changes in gas concentrations for each
treatment in our statistical analyses to compare control
chamber gas emissions with gases produced by termites and
soil combined.
Termite Numbers
After we completed gas collections, Treatment A chambers
that contained foraging termites were removed intact and
replaced with new chambers containing fresh wooden
boards. We transported removed chambers to the laboratory
where the termites were identified to species and counted for
correlation analysis.  After quantification and approximately
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seven days in the laboratory, we returned the termites to the
TGPP and placed them into the new chamber that was located
in the exact spot from where they were removed.

in activity are accompanied with reduced respiration from
living soil, resulting in less gas flux (Table 1; Figs. 2, 3).
For the seven individual sampling events from May
through October 2014 plus May through July 2015, Treatment
Environmental Conditions
A flux chambers containing foraging termites accumulated
~43% greater total CO2 concentrations compared with
We chose the experimental site in close proximity (~274
Treatment B natural soil flux chambers with open bottoms.  
m) to an Oklahoma Mesonet weather station that continuously
This demonstrates that by aggregating termites in wood-filled
measures atmospheric and soil conditions. Air temperature,
chambers, quantitative information about their contribution
relative humidity, soil temperature and moisture, and rainfall
to gas flux from soil can be determined.  For the same seven
were recorded at five-minute intervals and stored in theKonemannsampling
events,
Treatments
A and Band
combined
accumulated
et al. • Gas
Emissions
from Termites
Soil
Mesonet data base. These data were then used to correlate
~503% greater CO2 total concentrations compared with
overall gas emissions compared with environmental
Treatments C and D controls combined. These accumulated
664
Table
SLICE option
analyses
evaluation
of differences
conditions.
totals1.represent
the seven
sampling
events
only, and between
do not
Data Analyses

665

gas emissions from soil among four flux chamber treatments

666

during
2014
2015.
between
gasandemissions
from soil among four flux chamber

Table 1.   SLICE option analyses evaluation of differences

We analyzed CO2 and CH4 determinations with standard
667 as
analysis of variance procedures (PROC MIXED) as well
668and
Pearson's correlation analysis (PROC CORR, P ≤ 0.05),
669
compared the four treatments for each of the 12 sampling
670
months for CO2 and CH4 using the SLICE option test-of671
effects analysis (Winer et al. 1991; SAS 2016).  A randomized
672
complete block model with repeated measures was utilized,
673
with 'replicate' as the blocking factor, 'treatment' as the main
unit factor, and the 'combination of month and year' 674
as the
repeated measures factor.  Simple effects of treatment given
675
month and year were estimated and tested by least-squaremeans.   Correlation analysis was used to compare effects
676
of soil moisture, soil temperature, relative humidity, and air
temperature on gas emissions from soil and termites, and
677also
to evaluate any relationship between termite numbers and
metabolic gas emissions.
678
RESULTS
Gas Sampling

treatments during 2014 and 2015.

679
680
681

Our results show that gas production from termites and
soil varies seasonally as indicated by SLICE analysis
682that
compared the four treatments for each month (Table 1).
683 in
There were no significant differences among treatments
CO2 or CH4 flux during December 2014, or January, March,
684
and November 2015, or in CH4 flux alone during October
685
2014 and September 2015.  However, there were significant
differences among treatments for both CO2 and CH686
flux
4
during May, June, July, and August 2014, and also during
687
May and July 2015, and for CO2 flux alone during May,
688
July, and September 2015. Therefore, our measurements
demonstrate that over two growing seasons, gas flux689
from
soil decreased during relatively cold months compared with
690
warmer spring and summer months. During winter months,
691less
termite activity is expected to decrease along with
692
activity of other soil animals and microbes. These decreases
693

Month

Year

May

2014

June

2014

July

2014

August

2014

October

2014

December

2014

January

2015

March

2015

May

2015

July

2015

September

2015

November

2015

Gas

F-Value

df

P-Value1

CO2

2.66

3,430

<0.001

CH4
CO2

0.07
40.19

3,431
3,267

<0.001
<0.001

CH4
CO2

73.65
40.98

3,299
3,422

<0.001
<0.001

CH4
CO2

8.47
56.71

3,428
3,267

<0.001
<0.001

CH4

24.82

3,299

<0.001

CO2

19.50

3,430

<0.001

CH4

16.66

3,431

0.38

CO2

5.33

3,410

0.83

CH4

0.53

3,426

1.00

CO2

6.30

3,408

0.18

CH4

1.04

3,426

1.00

CO2

0.65

3,408

0.24

CH4

0.00

3,426

0.99

CO2

2.20

3,408

<0.001

CH4

0.00

3,426

<0.001

CO2

0.20

3,408

<0.001

CH4

0.0

3,426

<0.001

CO2

5.33

3,410

<0.001

CH4

0.53

3,426

<0.001

CO2

5.33

3,410

0.42

CH4

0.53

3,426

1.00

No significant differences among the winter months (n = 12;

1

1

No
differences
among
the2006).
winter months (n = 12;
P significant
> 0.05. PROC
MIXED;
SAS

P > 0.05. PROC MIXED; SAS 2006).
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724
725
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represent CO2 accumulations over the entire study period.
When individually comparing each of the seven sampling
events, CO2 ppm for Treatment B ranged from ~2 to ~40%
Konemann
et al.
• Gas
Emissions
from Termites
and Soil
of the greater
ppm
amounts
for Treatment
A. There
were no
significant differences in CO2 flux between the four chamber
configurations during December 2014, or January, March, or

Treatment B, C, or D flux chambers, whereas relative humidity
had no strong influence on CO2 or CH4 concentrations in
any of the four chamber configurations.  For Treatments A,
34
B, C and D, CO2 emissions
were moderately-to-strongly
affected by the same three environmental factors as for
CH4, except that soil moisture had no strong effect on CO2
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731
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Figure 1. Flux chamber containing wooden boards (Fig. 1.1; Treatment A) or native
non-sterilized soil (Fig. 1.2; Treatment B). Cut-away views for demonstration.
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study.
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Termite Number

containing sterilized soil or wooden boards were not strongly
correlated with air temperature or relative humidity. However,
CO2 emissions were correlated with soil temperature for both
control chamber configurations.   Overall, relative humidity
did not strongly correlate with gas emissions from soil (Table
2).
Termite Numbers
Termite numbers in wood-filled flux chambers (Treatment
A) were positively correlated with CO2 and CH4 concentration
measurements throughout the study. As termite numbers
fluctuated, CO2 and CH4 emissions increased or decreased
correspondingly (P = 0.007, r = 0.73, Fig 2; P < 0.0001, r
= 0.92, Fig. 3). Maximum termite counts within Treatment
A chambers ranged from high of ~1,200 to 1,600 worker
caste individuals during May to no foraging termites present
during December and January.   These fluctuations can be
attributed to sub-freezing topsoil temperatures during winter
months that forced termites to tunnel down to deeper, warmer
soil horizons (Figs. 2, 3).

Gas Emission Measurements
Figures 2 and 3 provide flux values for twelve extraction
events for CO2 and CH4 over 19 months.  Wood-filled flux
chambers containing active termites produced their greatest
amounts of CO2 from May through August 2014 and from
May through July 2015 (P < 0.0001). The same general
trends occurred for CH4 emissions. Flux chambers open to
the soil and containing wooden boards with actively foraging
termites produced two-to-three times greater CO2 and twoto-five times greater CH4 during peak months compared
with the other three flux chamber configurations (Figs. 2,
3). Carbon dioxide emissions from termite-active chambers
(Treatment A) during May were greatest compared with all
other treatments and months (P < 0.0001). Termite-active
chambers and non-sterile native-soil chambers (Treatment
B) produced two-to-four times greater CO2 and CH4 during
warm months compared with sterilized-soil termite exclusion
controls (Treatment C) and wooden-board termite exclusion
controls (Treatment D) during the same months. Carbon
dioxide and CH4 emissions from Treatment A were ~100 to
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Table 2. Correlation coefficient evaluation of effects of environmental conditions on CO2 and CH4
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2.  Correlation coefficient evaluation of effects of environmental conditions on CO2 and CH4 gas emissions from soil among
696Tablegas
emissions from soil among four flux chamber treatments during 2014 and 2015.
four flux chamber treatments during 2014 and 2015.

Environmental Factors1

Treatment

Soil

Air

Soil

Relative

Temperature

Temperature

Moisture

Humidity

CO2

CO2

CH4

CH4

CO2

CH4

CO2

CH4

Treatment A
P

0.06

0.01

0.02

0.01

0.03

0.02

0.08

0.11

r

0.55

0.69

0.66

0.74

0.62

0.65

0.53

0.48

P

0.01

0.26

0.001

0.34

0.03

0.87

0.08

0.08

r

0.72

0.36

0.82

0.30

0.61

–0.05

0.53

0.12

P

0.04

0.36

0.08

0.31

0.01

0.38

0.07

0.29

r

0.60

0.29

0.54

0.32

0.97

0.22

0.54

0.36

P

0.03

0.36

0.08

0.32

0.35

0.22

0.19

0.36

r

0.62

0.29

0.53

0.31

0.30

0.38

0.40

0.29

0.66
Treatment B

Treatment C

Treatment D

6971Significant P-values indicate a direct correlation between the environmental factor and CO and CH emissions from soil among
2
4
698four 1flux
Significant
P-values indicate
correlation
between
the environmental factor and CO2 and
chamber configurations
(n = 12; aP direct
≤ 0.05.  PROC
CORR;
SAS 2006).
500% greater compared with native non-sterile-soil plots,

months, Treatment A chambers contained ~150 to 200%

699as wellCH
emissions
from soil
among four
chamber configurations
(n = 12; Pduring
≤ 0.05.
CORR;
as 4both
termite-excluded
sterile-soil
plots flux
and wood
greater CH concentrations
MayPROC
compared
with June,
provisioned plots, during May, June, July, and August 2014
700and May
SAS
. (P < 0.0001; Figs. 2, 3).
and2006
July )2015
There were no significant differences in CO2 and CH4
concentrations among the four treatments during December
2014, and January, March, or November of 2015 (P ≥ 0.18;
Figs. 2, 3).   These results demonstrate that significantly
reduced soil respiration occurs during colder months. In
addition, when all treatments were compared across 19

4

July, and August (Fig. 3).
DISCUSSION

Termite metabolic gas production has been measured
in laboratory experiments and shown to be population size
dependent (Zimmerman et al. 1982, Konemann et al. 2017).
However, limited information is available that specifically
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addresses subterranean termite gas emissions within natural
field ecosystems, especially on native tallgrass prairie
(Konemann et al. 2016).   A major difficulty in obtaining
detailed consistent information on gas emissions in the field is
the heterogeneous distribution of foraging termites in the soil,
which is affected by vegetation and soil conditions (Sands
1965, Howard et al. 1982). Studying termite metabolic gases
requires direct measurements in natural settings to estimate
their impact within the soil matrix atmosphere (Sugimoto et
al. 2000). Similarly, Konemann et al. (2016) demonstrated
the difficulty of differentiating CO2 emissions from soil
where termites had been eliminated compared with soil
where termites occurred naturally. That study demonstrated
the cryptic nature of termites in prairie soils and that an
effective method to detect their gases was to aggregate them
to a centralized location.  Our study was specifically designed
to overcome that limitation by aggregating foraging ESTs
within sealed flux chambers where gas emissions could be
accurately measured over 12 non-consecutive months during
the 19-month study.
Gas emissions in Treatment A aggregation chambers
were compared with Treatment B non-aggregation nativesoil chambers (Treatment B) and chambers where termites
were excluded (Treatments C, D). Termites in woodcontaining aggregation chambers produced 20.5% more CO2
and 96.0% CH4 than termites in non-aggregation native-soil
chambers (Treatment B), 69.4% more CO2 and 96.1% CH4
than Treatment C, and 72.4% CO2 and 93% CH4 more than
Treatment D. We found that termite numbers in wood-filled
flux chambers (Treatment A) were positively correlated
with CO2 and CH4 concentration measurements throughout
the study, but that the correlation between CO2 and termite
numbers was lower than that for termite numbers and CH4.
The lower correlation coefficient (r) for CO2 could be the
result of CO2 being produced by both spiracular respiration
and microbial digestive processes, whereas the relatively
high 'r' value for CH4 may have only a single source,
anaerobic digestive processes (Brauman et al. 1992, Shelton
and Appel 2001). In laboratory experiments, Konemann et al.
(2017) demonstrated that populations of as few as 50 termites
produced 71% more CO2 and 57.7% CH4 on average than
controls where termites were excluded. In natural settings
such as the TGPP, there are several additional bio-active
factors involved with CO2 and CH4 emissions from the soil.
These include numerous soil micro- and macro-fauna and
flora species.  Soil methanotroph and methyltroph bacteria as
well as yeasts utilize CH4 as a carbon source for biosynthesis
and growth, contributing to balanced soil health (Biomodels
2012).
Interactions between soil invertebrates and microbes,
plant growth, and prairie soil respiration are well known
(Seastedt et al. 1988, Sims and Bradford 2001). In a study of
environmental influences on drywood termite gas production,
Shelton and Appel (2001) demonstrated that ambient
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air temperatures influenced termite CO2 emissions. As
temperature increased from 20 to 40° C, the western drywood
termite, Incisitermes minor Hagen, and two other drywood
termites, I. tabogae Snyder, and Cryptotermes cavifrons
Hagen, produced 1.92-g CO2•h-1, 1.66-g CO2•h-1, and 1.62-g
CO2•h-1, respectively. Similar trends were reported by Jamali
et al. (2010) for CH4 emissions from mound-building termites
in Australia's Northern Territory. These termites produced
gas emissions that correlated with diurnal and seasonal
climate variations, including air temperature changes.
Termite and other soil-dwelling arthropod movement
and foraging activity are partly dependent on soil moisture
content (Mackay et al. 1986). As soft-bodied insects,
termites are susceptible to desiccation and rely on moisturerich environments for survival and proliferation (Suiter et al.
2009). For example, this is shown with the harvester termite,
Microcerotermes nervosus, in the Amitermes group, where
this termite's biomass in soil or mounds is directly related
to soil moisture during wet seasons on tropical savannas
(Jamali et al. 2013). Jamali et al. (2013) also observed
a similar pattern by determining that as termite biomass
increased so did CO2 and CH4 flux from termite mounds
and surrounding savanna soil, with large variations between
mounds. Similarly, our study shows that when soil moisture
was ≥14.6% the average number of termites present in flux
chambers was greater than when soil moisture was <10%. In
general, as termite numbers increased, overall CO2 and CH4
emissions increased.
On the TGPP, rainfall is the primary contributor to soil
water content, and is essential for microbial and root growth
as well as termite survival (Suiter et al. 2009, Cook and
Orchard 2008). Our and others' results suggest that foraging
termites could potentially be a relatively large contributor
to greenhouse gasses. However, contrasting results of the
few available studies make it difficult to specifically identify
the relative contribution of termites to greenhouse gases.
Zimmerman et al. (1982), Rasmussen and Kahlil (1983),
and Frazer et al. (1986), all showed conflicting data on gas
production by termites.
The first large comprehensive study on termiteproduced greenhouse gases (CH4, CO2, CO, H2) suggests
that subterranean termites are important contributors to
the overall budget of these trace gases in the atmosphere.
From laboratory experiments, Zimmerman et al. (1982)
estimated that the ALST and the long-jawed desert termite
(LJDT), Gnathamitermes perplexus Banks, have potential to
produce 0.111- and 0.310-mg CO2•termite-1•d-1, respectively.
The ALST produced 0.794-mg CH4•termite-1•d-1, whereas
the LJDT produced 0.397-mg CH4•termite-1•d-1. These
researchers estimated that the combined contribution of both
species to the global atmosphere equaled about 5 × 1016-g
CO2•yr-1 and 1.5 × 1014-g CH4•yr-1. However, Rasmussen and
Khalil (1983) estimated that CH4 produced by termites is at
least 50 times greater than amounts reported by Zimmerman
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et al. (1982). In contrast, Fraser et al. (1986) estimated that
termites produce less than 5% of the total global CH4 + CO2
combined budget based on the high degree of variation in
termite feeding preferences. Seiler et al. (1984) conducted
CO2 and CH4 flux studies with six termite species, Amitermes,
Cubitermes, Hodotermes, Macrotermes, Odontotermes, and
Trinervitermes, from a broadleaf savannah in South Africa,
and observed that flux rates varied according to genus.  More
recently, Martius et al. (1993) determined that CH4 emitted
from wood-feeding Nasutitermes spp. in Amazon forests
was dependent on termite biomass that varied between each
experiment location, and estimated that termites produced
approximately 5% of global CH4. Despite contrasting
results of these general conclusions, overall, termites and
an abundance of other soil-dwelling organisms collectively
contribute to normal atmospheric background CO2 and CH4
concentrations.
During spring 2014, Oklahoma was emerging from
chronic severe drought that had impacted the TGPP during
the previous 36 months (NOAA 2014). However, during
May, June, and July 2014, the drought eased as the TGPP
received 69, 105, and 102 mm of rainfall, respectively.
However, during August 2014, only 20 mm of rain fell on the
TGPP. During October, November, and December 2014, the
TGPP received 123, 37, and 47 mm of rainfall, respectively.
These moisture variations are reflected in data that show that
both soil and termites produce relatively large amounts of
CO2 and CH4 during wettest months. Rainfall on the TGPP
during May, June, July, and August 2015 was 208, 62, 118,
and 100 mm, respectively, demonstrating monthly variation
in rainfall that affected metabolic gas emissions from soil
(OCS 2014, 2015). Varying rainfall during 2014 and 2015 did
not provide optimum termite foraging conditions year-round
because termites would have been subjected to desiccation
during dry periods, but then thrived during moist conditions.
Also, as soil and air temperatures increased during 2014 and
2015 summer months, soil moisture decreased. Therefore,
termites would have foraged less and burrowed deeper into
cooler, moist soil.  This increases difficulty of detecting gas
emissions from termites.  Root respiration is also influenced
by diurnal temperature changes and soil moisture content
depending on plant species (Bouma et al. 1997).
Liu et al. (2002) determined that both soil temperature
and moisture content regulate CO2 flux from microbes as
well as root systems on a tallgrass prairie in Texas. Yuste
et al. (2007) suggests that volumes of CO2 produced by
soil microbes are influenced by moisture and temperature
that influence and regulate microbe metabolism.   Another
study showed that soil temperature accounted for 80% of
seasonal CO2 flux variation in a hardwood forest (Davidson
et al. 1998). On a grass prairie, Mielnick and Dugas (2000)
showed that soil temperature and soil moisture accounted for
46% and 26% of CO2 flux, respectively.   Their study also
estimated that root respiration contributed 52% of overall

55

CO2 flux.   Our results also substantiate that environmental
conditions and climate factors influence termite activity on
a tallgrass prairie and clearly influence overall CO2 and CH4
gas flux from the soil matrix.
MANAGEMENT IMPLICATIONS
Our study demonstrates that subterranean termites
are part of the diverse fauna on the TGPP that contribute
substantially to the structure and successful function of this
expansive natural ecosystem. Through their soil engineering
activities, termites contribute to overall health of the living
soil environment by aiding aeration and fertility of the soil,
improving rainfall percolation, and moving soil and plant
materials between soil horizons, thereby recycling nutrients.
Their CO2 emissions are beneficial for plant respiration and
also influence soil chemistry as part of the global carbon
cycle. On the TGPP, subterranean termites are not pests and
do not need to be managed or controlled by any artificial
intervention. Therefore, any possible misapplication of
pesticides resulting in termite mortality must be avoided.
Normal EST foraging behavior could be disturbed by
plows and discs, road grading, and construction of oil well
installations where soil and food sources become altered or
contaminated.  Because many benefits are provided by soildwelling arthropods, all prairie management practices should
be planned and conducted to reduce possible detrimental
effects on desirable prairie plants and animals, including
termites. On the well-managed and directed TGPP potential
negative issues have been addressed to the benefit of this
entire ecosystem, where termites continue to provide their
beneficial activities as a natural part of the TGPPs dynamic
soil health.
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Comparison of northern flying and red squirrel phylogenies with focus on
the insular United States
ALYSSA M. KIESOW1, and HUGH B. BRITTEN
University of South Dakota, 414 E Clark Street, Vermillion, South Dakota 57069 (AMK, HBB)
ABSTRACT Northern flying squirrel (Glaucomys sabrinus) and red squirrel (Tamiasciurus hudsonicus) populations are endemic
to northern North America, including the Black Hills. The Black Hills populations are considered disjunct from other populations
within their range. We examined insular populations to determine whether arboreal squirrels in the Black Hills each represent a
unique population.  We trapped and collected ear samples from northern flying and red squirrels in the Black Hills and in areas
of Montana, Wyoming, Idaho, Utah, Minnesota, and Wisconsin to infer population phylogenies with special consideration of
the Black Hills population. Microsatellite loci and two mtDNA sequences were used for phylogenetic data analyses, including
neighbor-joining and maximum likelihood trees, percent divergence, and nucleotide diversity.   For northern flying squirrels,
mtDNA phylogenetic trees grouped individuals in the Black Hills population, suggesting extended isolation from other nearby
mountain ranges. In both squirrels, phylogenetic trees inferred with nDNA provide similar topologies to the mtDNA of northern
flying squirrels.  Sequence divergence distances (range 0 to 1.0) for cytochrome-b among studied populations were relatively small
(0.00 to 0.55 [northern flying squirrel] and 0.00 to 0.01 [red squirrel]), so divergence may be from an historical event.  Nucleotide
diversity (cytochrome-b) was higher than in some other ranges (0.07 [northern flying squirrel] and 0.08 [red squirrel]); however,
heterozygosity was low in the Black Hills populations.  These data suggest that northern flying squirrel and red squirrel populations
in the Black Hills Mountains are not only geographically disjunct, but genetically unique from their conspecifics elsewhere.
KEY WORDS Black Hills, Glaucomys sabrinus, northern flying squirrel, red squirrel, Tamiasciurus hudsonicus.
Northern flying squirrels (Glaucomys sabrinus) and
red squirrels (Tamiasciurus hudsonicus) have boreomontane distributions that largely overlap in North America
(Wilson and Ruff 1999).   While red squirrels occur fairly
continuously in the Appalachian Mountains in the east and
the Rocky Mountains in the west, they are absent from the
mountains of northern California and adjacent Washington,
Oregon, and Nevada where northern flying squirrels occur.  
Northern flying squirrels are less continuously distributed
than red squirrels in the Appalachian and Rocky Mountains
with disjunct populations in both mountain chains. An
insular population of northern flying squirrels occurs in the
Black Hills of South Dakota and Wyoming and in the nearby
Bear Lodge Mountains in northeastern Wyoming (WellsGosling and Heaney 1984), while red squirrels populations
in these areas are probably also disjunct from populations
in the Rocky Mountains to the west and forested areas to
the east (Chapman and Feldhamer 1982, Kiesow et al. 2007).
With focus on the insular mountain ranges, the Black
Hills Mountains are some of the oldest formations in North
America. They were formed as a result of a series of uplifts
starting in the Pre-Cambrian Period and ending in the
Pleistocene (Froiland 1978).   Much of the flora and fauna
found in the Black Hills are relicts of past climate conditions
dating to the late Pleistocene (~10,000 years ago) when
ice sheets covered northern North America (Kiesow et al.
2012). The current boreo-montane character (i.e., coniferdominated woodlands) of the Black Hills formed late in the
last glacial period (Turner 1974).

Northern flying and red squirrels have been isolated to
the Black Hills Mountains since the late Pleistocene, and
their preferred forested habitats are relatively continuous
throughout the higher-elevation central-west crystalline core
(≥ 2000 m) and limestone plateau (1000–2000 m; Kiesow
at al. 2012). Of the two squirrel species in these regions,
northern flying squirrels are more habitat specialized
primarily using higher-elevation mesic areas with ponderosa
pine (Pinus ponderosa) stands interspersed with quaking
aspen (Populus tremuloides) and white spruce (Picea glauca)
(Krueger 2004), while red squirrels use primarily coniferous
forests throughout their range (Kemp and Keith 1970,
Rusch and Reeder 1978). We expected that boreo-montane
habitat continuity would cause squirrels to be genetically
similar throughout the Black Hills, but STRUCTURE and
GENELAND assignment tests detected subtle population
genetic structure for red squirrels but not for northern flying
squirrels (Kiesow et al. 2012). Further, low heterozygosity
within the Black Hills may indicate isolation of these
squirrels to the region (Kiesow et al. 2012). Given the
within population structuring in the Black Hills, it is likely
additional genetic testing at a broader scale will elucidate a
population clade specific to the Black Hills Mountains.  
Historically, it was unknown how genetically divergent
the northern flying squirrel population in the Black Hills
was, causing the classification and reclassification of
this population as a separate species or subspecies. King
(1951) detected differences in morphometrics showing that
northern flying squirrel specimens from the Black Hills had
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larger skulls, longer bodies, and darker fur than specimens
from other parts of their range. As a result, the Black Hills
northern flying squirrel population was reclassified from G.
s. canescens to G. s. bangsi (King 1951). Wells-Gosling and
Heaney (1984) reported that, based on morphological data,
the northern flying squirrel population in the Black Hills was
disjunct and thus genetically isolated from other populations
with the closest known population of G. s. bangsi located
in western Wyoming. In addition, high cytochrome-b
sequence variation was detected among northern flying
squirrel populations (Arbogast 1999), indicating the presence
of two clades, one of which corresponds to G. s. bangsi.
More recently, Arbogast et al. (2017) proposed designating
G. sabrinus populations in the Pacific Northwest as a new
species, G. oregonensis, based on mtDNA control region
sequences and eight microsatellite markers. Currently,
northern flying squirrels in the Black Hills are classified as
G. s. bangsi, which includes other regions of the northern
Rocky Mountains (Hall 1981, Wells-Gosling and Heaney
1984).
Similarly, red squirrel subspecific designation is
perplexing. Red squirrel populations within the Rocky
Mountain region are proximate to each other, which
suggest that subspecies designations would include clusters
of nearby ranges. However, the Black Hills population is
apparently disjunct (Jones et al. 1985); therefore, South
Dakota populations are designated as a separate subspecies,
Tamiasciurus hudsonicus dakotensis, and considered
endemic to this area (Hall 1959, Turner 1974, Steele 1998).
This classification was based solely on darker hair color and
longer, heavier body size and does not take into account any
molecular (DNA-based) data (Turner 1974). Mitochondrial
DNA research shows three lineages of New World red
squirrels: 1) a western lineage, 2) a southwestern lineage,
and 3) a widespread lineage comprising all other populations
of T. hudsonicus (Arbogast et al. 2001); T. h. is found in
the widespread lineage. Hope et al. (2016) used published
nuclear DNA sequences, mtDNA cytochrome-b sequences,
and niche variables from red squirrels sampled across North
America to suggest revisions to red squirrel taxonomy. This
more recent analysis suggests that these lineages constitute
separate species: the western lineage (T. douglasi), the
southwestern lineage (T. mearnsi), and the widespread
lineage (T. hudsonicus) (Hope et al. 2016). Black Hills red
squirrels are included in T. hudsonicus in this taxonomic
revision (Hope et. al 2016).
Our comparative study of the phylogenetics of the Black
Hills northern flying squirrel and red squirrel populations
was motivated by three factors. First, the insularity of the
Black Hills suggests that these populations have the potential
to be phylogenetically distinct and therefore may show
unique genetic and ecological properties. Second, there are
few studies examining insular, isolated mountain ranges,
and our research will fill the gap in sampling represented by
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some of these ranges. Finally, by comparing phylogenetic
patterns for a species of conservation concern (northern
flying squirrel) with an ecologically similar one that is not
of concern within the Black Hills (red squirrel), we aimed to
inform management of both species. Our prediction was that
the northern flying squirrel would show greater phylogenetic
differences than the more abundant red squirrel in the Black
Hills.
STUDY AREA
The Black Hills are unique geological formations with
a continental climate and coniferous and prairie vegetation
(Peterson 1974), disjunct from other boreal and montane
biomes. They are one of the oldest geologic formations in
North America and were formed as a result of a series of
uplifts starting in the Pre-Cambrian Period and ending in the
Pleistocene (Froiland 1974).
During the last glacial phase of the Pleistocene, glacial
ice sheets covered much of northern North America. The
Black Hills and nearby areas, including the plains between
the Black Hills and Bighorn Mountains, were not glaciated
during the last Pleistocene glacial episode, but were adjacent
to glaciers to the east (Froiland 1978). Peterson (1974)
suggested that a montane biota was present in the region
during the last glacial maximum, whereas boreal elements
may not have appeared in the Black Hills and other periglacial
areas until late in the Pleistocene (~10,000 years ago). The
boreo-montane elements of the Black Hills that support both
squirrel species are disjunct from contiguous boreal forests;
the nearest boreal forest is 700 km to the north (Turner 1974),
and the nearest mountain range and probable populations of
these squirrels are 241 km northwest of the Black Hills in the
Bighorn Mountains (Froiland 1978). Due to this isolation,
the northern flying and red squirrel populations in the Black
Hills are likely distinct (or rather unique) from other arboreal
squirrel populations.
METHODS
Field Sampling
Squirrels were live-trapped with Havahart® and
Tomahawk® traps baited with peanut butter, bacon grease,
and oatmeal placed in trees every 60–80 meters. Ear
samples were collected throughout the Black Hills/Bear
Lodge Mountains from 2005–2007 and areas of the northern
Rocky Mountains (west) and western Midwest (east) in 2006
(Fig. 1). The University of South Dakota (USD) and South
Dakota State University (SDSU) Institutional Animal Care
and Use Committees evaluated and approved all handling
and care techniques associated with this project (Permit
Number 04-A021). We used a subset of the collected
northern flying squirrel and red squirrel samples for mtDNA
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Figure 1. Sample sites in the Black Hills/Bear Lodge, west
(Montana, Idaho, Wyoming, and Utah), and east (Minnesota
and Wisconsin) regions, with two-letter or three-letter
identification codes for each, depending on the sample source
and associated identification (see Table 1).
analyses due to sequence quality and length. In addition to
these samples, we included mtDNA sequences available
via National Center for Biotechnology Information (NCBI)
nucleotide database in our mtDNA sequence analyses. For the
microsatellite data analyses, we used all our collected samples
due to success in microsatellite genotyping techniques. Table
1 provides information on sample numbers and sites as well as
sample subsets used for data analyses. Accession numbers are
available upon request.
DNA Extraction and Amplification
We extracted DNA from ear clippings collected throughout
the areas specified in Table 1.  We used reagents and methods
provided in the QIAGEN (Valencia, CA) DNeasy blood and
tissue extraction kit to conduct the DNA extraction.
We analyzed ear clippings from five to ten individuals (of
both squirrel species) from each sample site using two different
mitochondrial DNA (mtDNA) regions (i.e., cytochrome-b
and mtDNA control region).  These regions were amplifiable
in these squirrel species.  All amplifications were conducted
with 15 uL reactions containing 1.0 uL of genomic DNA, 0.5
uL of 10 uM forward primer, 0.5 uL of 10uM reverse primer,
and 7.5 uL of 2X PCR Master Mix (Promega). The mtDNA
cytochrome-b region (forward and reverse primers) consisted of
L14724 (5-CGAAGCTTGATATGAAAAACCATCGTTG-3)
and
H15149
(5-AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3)
(Arbogast 1999).  Amplification occurred under the following
conditions: 93º C for 3 min followed by 3 cycles of 93º C for 3
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min, 41º C for 15 sec increasing to 72º C over 3 min, and 72º
C for 2 min then followed by 29 cycles of 93º C for 45 sec,
56º C for 1 min 30 sec, and 72º C for 2 min 30 sec followed
by 72º C for 10 min.   We amplified the mtDNA control
region (forward and reverse primers) using primers H16359
(5-GGAAGGGGATAGTCATTTGG-3; Barratt et al. 1999)
and RScont6 (5-CCTTCAACTCCCAAAGCTGA-3; Hale
et al. 2001), which targeted a 543 bp stretch of the mtDNA
control region.  Amplification occurred under the following
conditions: 94º C for 4 min, then 30 cycles of 94º C for 30 s,
50ºC for 30 s, 72º C for 1 min 30 sec, with a final extension
of 72º C for 10 min (Hale et al. 2001).
Polymorphic microsatellite loci were also used to study
both squirrel species. Ten loci were analyzed for the northern
flying squirrels and included GS2, GS4, GS13 (Zittlau et
al. 2000), FLS1 and FLS6 (Winterrowd et al. 2005), and
GLSA12, GLSA22, GLSA48, GLSA52, and GLSA65
(Kiesow et al. 2011). Sixteen loci used for the red squirrels
included Thu03, Thu08, Thu14, Thu21, Thu 23, Thu25,
Thu31, Thu32, Thu33, Thu37, Thu38, Thu41, Thu42, Thu50,
Thu55, and Thu59 (Gunn et al. 2005). Using conditions
specified by each respective publication, we performed 15
uL reactions containing 50 ng genomic DNA.
Amplified mtDNA regions were purified with polyethylene
glycol (PEG) precipitation, where mtDNA was precipitated
with 20% PEG 800/2.5M NaCl, washed with 80% ethanol,
and resuspended in sterile water.  Purified mtDNA products
were sequenced using the T3 primer and the DYEnamic
ET Terminator Cycle Sequencing Kit (General Electric) in
1/8th volume reactions. Sequences were electrophoresed
on an Avant 3100 Genetic Analyzer. Forward and reverse
sequences (contigs) were generated for each locus in each
individual. Then, for each locus these contigs were edited
and assembled into a consensus sequence using DNAStar©
Lasergene and edited with BioEdit© (Hall 1999).
Microsatellite samples were multiplexed with five loci per
sample and electrophoresed on an ABI PRISM sequencer,
where Liz-500 was used as a size-standard (Applied
Biosystems).  Each forward primer was fluorescently-labeled
with VIC (green), PET (red), or 6-FAM (blue) dye. Sizing
of alleles for each locus was conducted using GeneMapper
software (Applied Biosystems) and then transformed into
a data matrix of all individuals and all loci, per squirrel
species.
Data Analyses
Sequences were aligned in MEGA7 (Kumar et al. 2016)
using the Clustal-W algorithm with the BLOSUM weight
matrix and gap opening costs of 10 and gap extension costs
of 0.1 in pairwise and multiple alignments. The aligned
lengths of the mtDNA regions varied per squirrel species,
166 bp for cytochrome-b and 286 bp for control region for
northern flying squirrels and 299 bp for cytochrome-b and
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Table 1.  Regions, identification codes, and number of samples used for northern flying squirrels (NFS) and red squirrels (RS)
mtDNA analyses. The ID Code referenced here refers to the site in which the samples were collected that are represented in the
phylogenies. For example, PFxx represents Payette National Forest in Idaho, while the number (represented by xx) is the actual
sample number. Because of its sample location, samples from PFxx are from the “west” region and indicated as “West” on the phylogenies.  A total of one northern flying squirrel sample and four red squirrel samples were used for mtDNA analyses from sample
source Payette National Forest (or PFxx).

192 bp for control region for red squirrels. An outgroup,
a sequence from the Siberian flying squirrel (Pteromys
volans; GenBank Accession number AB164478.1), was
used for comparison of cytochrome-b and control regions
in all northern flying squirrel trees, and an outgroup, a
sequence from the Douglas squirrel (T. douglasii; GenBank
Accession number KU977145.1), was used for comparison
of cytochrome-b control region in all red squirrel trees.
Outgroups were selected based on previous studies (Arbogast
et al. 2001, Hope et. al 2016) and genetic similarities between
species that allow for comparisons within these squirrel
species.
Phylogenetic analyses were inferred with neighbor
joining (NJ) and maximum likelihood (ML) methods in
MEGA7 (Kumar et al. 2016). We conducted NJ analyses
with a Maximum Composite Likelihood model with 1,000
bootstrap replications, a common practice with NJ analysis
(Kumar et al. 2016). We conducted ML analyses with 100
bootstrap replicates using the Tamura 3-parameter model
(Kumar et al. 2016), which was determined to be the most
appropriate nucleotide substitution model for our data
set based on the Bayesian (BIC) and corrected Akaike

Information Criterion (AICc) in the ML model selection
feature of MEGA7 (Kumar et al. 2016). We inferred trees
using each region (mtDNA cytochrome-b and control)
separately, and with the regions combined. We used multiple
tree-building methods with different data sets to assess
phylogenetic results.
In addition to trees, we estimated sequence divergence
distances (and percent sequence divergence) and nucleotide
diversity (i.e., the degree of polymorphism) for each
region. Estimates of sequence divergence for all possible
pairwise estimates of taxa were calculated under the Tamura
3-parameter (as determined via BIC and AICc analyses)
and estimates of nucleotide diversity were calculated using
MEGA7.
We obtained matrix values for microsatellite data using
MSA 4.05 (Dieringer and Schlštterer 2003). We incorporated
microsatellite distance matrices (i.e., Nei’s distances) into
PHYLIP (i.e., NEIGHBOR; Felsenstein 1993) to infer
phylogenetic relationships and create an unrooted neighborjoining tree with no outgroup.
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RESULTS
We collected 237 northern flying squirrel (NFS) ear
clippings (i.e., 151 Black Hills, 53 west, and 33 east) and 208
red squirrel (RS) ear clippings (i.e., 96 Black Hills, 57 west,
55 east), all of which were used from microsatellite analyses,
as microsatellite analyses requires more samples per site
with more amplified loci to conduct proper data analyses.  
For mtDNA analyses, we used a total of 64 northern flying
squirrel and 118 red squirrel samples for mtDNA analyses,
in addition to an existing 43 northern flying squirrel and
83 red squirrel mtDNA cytochrome-b sequences available
via Genbank. (Note: no mtDNA control region sequences
were available for these squirrels.) Because phylogenetic
analyses requires fewer samples per site for analyses, we
used sequences with the same length and quality (hence the
reason a subset of collected samples were used for analyses).
General locations and regional designations for the analyzed
samples are provided in Table 1.
Based on the neighbor-joining and maximum likelihood
trees developed from the cytochrome-b regions (Fig. 2),
individuals from the Black Hills (xxBH) and Bear Lodge
(BLxx) Mountains were identified in a separate clade/group
(indicated in red on the figure) in northern flying squirrels but
not in red squirrels. Sequence divergence distances ranged
from 0.00 to 0.55 (0.00%–0.85% sequence divergence, NFS)
and 0.00 to 0.01 (0.00%–1.58% sequence divergence, RS),
and nucleotide diversity was 0.07 (NFS) and 0.10 (RS).
Based on the neighbor-joining and maximum likelihood
trees developed from the control region (Fig. 3), individuals
from the Black Hills (xxBH) and Bear Lodge (BLxx)
Mountains are identified in a separate clade/group (indicated
in red on the figure) in northern flying squirrels but not in red
squirrels. Sequence divergence distances range from 0.00 to
0.61 (overall 0.00%–1.43% sequence divergence, NFS) and
0.00 to 0.03 (overall 0.00%–1.04% sequence divergence, RS)
and nucleotide diversity was 0.10 (NFS) and 0.15 (RS).
When mtDNA regions were combined for phylogenetic
analyses, little information was revealed regarding
relationships between these squirrels. Thus, data reported
herein reflect cytochrome-b and control regions for each
squirrel.
Analyses of northern flying squirrel and red squirrel
populations from all sample localities indicated that each
grouped together based on similarities in microsatellite
frequencies (Fig. 4). In both squirrels, populations from the
Black Hills and Bear Lodge Mountains (samples indicated
by xxBH and BLxx, and indicated in red) are most similar.
The Black Hills (xxBH) and Bear Lodge Mountains (BLxx)
are most similar to the west region (indicated in dark blue on
the figure), such as Utah [AFxx; northern flying squirrel] and
Wyoming [SFxx, BFxx, LMxx; northern flying squirrel, red
squirrel] populations). In addition, red squirrel populations
showed an allele presence on locus Thu08 estimated around
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308 bp in the Black Hills population rather than 180 bp,
which indicates an insertion or mutation in this region of the
nuclear DNA and could suggest differentiation of the Black
Hills red squirrel population. In both squirrels, populations
from the east region (indicated in light blue on the figure)
in northern Wisconsin (from sample sources CNxx, NHxx,
and ORxx) are more similar to the west region (indicated in
dark blue).
DISCUSSION
All samples in our study were taken from areas found
in Arbogast’s (1999, 2017) eastern clade. Pairwise sequence
divergence distances ranged from 0 – 0.61 (0.0%) in our
samples, within the range noted by Arbogast (1999). Our two
mtDNA regions present different trees based on neighborjoining and maximum likelihood analyses. The tree based
on cytochrome-b sequences shows Black Hills G. sabrinus
samples nested within those from our western sites in Idaho,
Montana, Wyoming, and Utah, forming a monophyletic
clade basal to the west. In contrast, our control region tree
places a monophyletic Black Hills clade separate from
western and eastern samples with stronger bootstrap support
than cytochrome-b sequences. Additionally, our neighborjoining tree based on nuclear microsatellites suggests that
disjunct Black Hills G. sabrinus are somewhat isolated
from other sampled locations. We see a west to east to Black
Hills trend in sequence divergence distances within both G.
sabrinus datasets.
Arbogast (1999) collected northern flying squirrel
samples from West Virginia, North Carolina, Utah,
Michigan, Alberta, British Columbia, Washington, Oregon,
California, Louisiana, and Tennessee, but not from the Black
Hills. Arbogast (1999) resolved two clades for northern
flying squirrels based on 315 bp of mtDNA cytochrome-b
sequences: a western clade (i.e., Pacific Northwest) and an
eastern clade (Cascade Mountains, CA; northern Rocky
Mountains and much of boreal Canada). Interestingly, the
western and eastern clades were split by samples of G. volans
(southern flying squirrel) that formed a monophyletic clade
within the G. sabrinus sequences leading to the conclusion
that G. sabrinus is paraphyletic (Arbogast 1999). Pairwise
sequence divergence across G. sabrinus distribution ranged
from 0–7.2% and was 0–2.6% within each clade (“eastern”
and “western”) of northern flying squirrels (Arbogast 1999).
As with northern flying squirrels, our red squirrel
sample locations fell within the eastern clade detected by
Arbogast et al. (2001, see also Hope et. al 2016), and we
are able to expand on that study with the inclusion of Black
Hills T. hudsonicus mtDNA sequences. Pairwise sequence
divergence distances among our sampled red squirrels ranged
from 0–0.03 (0.00%), within the range reported by Arbogast
et al. (2001). We found little evidence of phylogeographic
structure in our red squirrel samples. Neighbor-joining and
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Figure 2. Phylogenetic relationship of A) northern flying squirrel (rectangular tree with P. volans outgroup) and B) red squirrel
(circular tree with T. douglasii outgroup) using the cytochrome-b region (coded as P1 behind sample source identifier) based on
maximum likelihood analysis. (Note: neighbor-joining analyses showed similar results.) Samples labeled with RSxx, BLxx, or
xxBH (xx represents individual sample number) are from the Black Hills or Bear Lodge Mountains (indicated as BH/BL), while the
rest are samples from the west (indicated West) and east (indicated as West) regions. Numbers on branches indicate ML bootstrap
support values. Low bootstrap support values are included for the higher-level relationships
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Figure 3. Phylogenetic relationship of A) northern flying squirrel (rectangular tree with P. volans outgroup) and B) red squirrel
(rectangular tree with T. douglasii outgroup) using the control region (coded as P6 behind sample source identifier) based on
maximum likelihood analysis. (Note: neighbor-joining analyses showed similar results.) Samples labeled with RSxx, BLxx, or
xxBH (xx represents individual sample number) are from the Black Hills or Bear Lodge Mountains (indicated as BH/BL), while
the rest are samples from west (indicated as West) and east (indicated as East) regions. Numbers on branches indicate ML bootstrap
support values. Low bootstrap support values are included for the higher-level relationships.
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Figure 4. Relationship of northern flying (rectangular tree with no outgroup; west region is top clade) and red squirrel (rectangular
tree with no outgroup; east region is top clade) populations from different forests based on microsatellite data (with Nei’s distances)
via neighbor-joining method of analysis, where East represents the east region, Black Hills/Bear Lodge represents the Black Hills/
Bear Lodge, and West represents the west region (as identified in Table 1).
maximum likelihood trees based on both cytochrome-b and
control region mtDNA regions show Black Hills sequences
interspersed with those of red squirrels sampled both
from the east and west of the Black Hills. A neighborjoining tree based on nuclear microsatellites suggests some
potential differentiation of Black Hills red squirrels with
moderate bootstrap support. Overall, unlike the results for
northern flying squirrels, our data do not suggest strong
differentiation of Black Hills red squirrel populations from
nearby locations. Interestingly, Klicka et al. (2011) found
a phylogeographic pattern for the non-migratory forestobligate Hairy Woodpecker (Picoides villosus) similar to
that of the red squirrel using mtDNA sequences. As with our
results, Hairy Woodpeckers sampled from the Black Hills
were placed in a “north and east” clade corresponding to
the eastern clade of Arbogast et al. (2001) and distinct from
a “south and west” woodpecker clade that corresponds to
the western red squirrel clade of Arbogast et al (2001). Even
though there is little evidence of phylogenetic structure in
red squirrels, we see a west to east to Black Hills trend in
sequence divergence distances within both T. hudsonicus
datasets, similar to that seen in G. sabrinus. Arbogast
et al. (2001) sampled Tamiasciurus spp. across their
North American range with most samples originating in
the United States and Canadian Rocky Mountains and the
Cascade Mountains in California. Arbogast et al. (2001)

analyzed eight isozyme loci and 402 bp sequences of the
mtDNA cytochrome-b locus. Allozyme data for Black Hills
T. hudsonicus were included in the study, but no mtDNA
sequences from the Black Hills were reported in Arbogast et
al. (2001). The main conclusions were that molecular data do
not suggest that T. hudsonicus and Tamiasciuris douglasii are
separate species and that G. sabrinus and North American
Tamiasciuris spp. exhibit similar phylogeographic patterns
(Arbogast et al. 2001): an eastern and a western clade, with
sequences divergences from 0 to 2.4%, possibly a result of
historical events. However, recent data by Hope et al. (2016)
suggest that there is novel regional genetic diversity across
the Tamiasciurus spp. distribution in western North America
with contact zones of hybridization.
Our results suggest that the currently disjunct Black
Hills northern flying squirrel population may have diverged
genetically during the late Pleistocene within the unglaciated
Black Hills. Although our genetic data provide limited
evidence of endemism, based on short sequence reads,
future studies with more comprehensive genetic coverage
may help to resolve phylogeographic relationships among
northern flying squirrel populations that have diversified
rapidly in response to post-Pleistocene climate changes. A
study of Russian flying squirrels (Pteromys volans) shows
similar patterns of distinctiveness, in which glacial refugia
occupied by Russian flying squirrels are associated with
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forest dynamics in the Pleistocene (Oshida et al. 2005).
Similarly, remnants of the boreal forest remain in the
Black Hills. Phylogenetic analyses have also shown that
Black Hills populations of two woodpeckers (Black-backed
[Picoides arcticus, Pierson et al. 2010] and Three-toed [P.
dorsalis, Ervin 2011]) are phylogenetically distinct from
conspecifics found in more continuous boreo-montane
habitat. Therefore, species like the northern flying squirrel
inhabiting the Black Hills during the late Plesitocene were
likely isolated by habitat. Further, the northern flying
squirrel is somewhat of a habitat specialist with limited
ability to disperse long distances across nonforested areas.
Even within the Black Hills, genetic structure data indicate
subtle population structuring is likely a result of a backbone
of granite outcrops serving as a natural migration barrier
for squirrels (Kiesow et al. 2012). The current disjunction of
Black Hills northern flying squirrels and monophyly based
on mtDNA sequences and microsatellite frequencies suggest
that the Black Hills northern flying squirrel population may
be divergent from populations found nearby. In contrast, the
relatively continuous distribution of Black Hills red squirrels
with main-stem Rocky Mountain populations and its lack of
cohesiveness in the phylogeographic analyses presented here
indicate that Black Hills red squirrels are not particularly
distinct from red squirrels found to the east and west.
Data provided herein suggest that northern flying
squirrels may form a population in the Black Hills isolated
from nearby populations. The presence of (weak) genetic
structure among our sample locations potentially suggests
that squirrel movements may be inhibited by topography
or unsuitable habitat within the Black Hills (Kiesow et al.
2012). Ultimately, this could limit population admixture
to nearby mountain ranges in the insular United States,
resulting in unique, isolated populations of these squirrels
in the Black Hills.
The extent to which geographic isolation during
the Pleistocene resulted in separate “populations” for
management purposes is an important question, albeit
notoriously difficult to answer. While Waples and
Gaggiotti (2006), Palsbøll et al. (2006), and Funk et al.
(2012) acknowledge that there is no consensus regarding
a quantitative definition of “population,” populations as
defined under different paradigms can be meaningful
to managers at different spatial scales. The geographic
disjunction of arboreal squirrel habitat with its resultant
insularization in the Black Hills in conjunction with a signal
of phylogenetic uniqueness (for northern flying squirrels,
in particular) justify the recognition of these two squirrel
populations as worthy of focused  conservation  efforts  in
the Black Hills. As noted in Kiesow et al. (2012), these
efforts have begun for northern flying squirrels in the Black
Hills (and South Dakota in general), as they are classified
as imperiled by the South Dakota Natural Heritage Program
(South Dakota Department of Game, Fish and Parks 2006)
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and are a designated “Species of Local Concern” by the
USDA Forest Service (USDA Forest Service 2005). Though
the red squirrel is not imperiled in South Dakota, it and the
northern flying squirrel face a variety of threats to their
Black Hills habitat (Kiesow et al. 2012).
Because these arboreal squirrels are dependent on
connectivity of suitable habitat from a micro- and macroscale
perspective, recognizing that these arboreal squirrels are
unique to the Black Hills and/or upgrading their conservation
status in concert with improved habitat management
measures (see Kiesow et al. 2012) is imperative to maintain
the genetic integrity of the two isolated populations. Isolated
populations are vulnerable to decline in forested lands
managed for timber harvest (Koprowski 2005). Forest
management practices (i.e., anthropogenic disturbances),
along with natural disturbances (e.g., weather, fire, insect
and pathogen infestations, root rot, and neighboring tree
fall; Lundquist 1995) can help establish forest heterogeneity,
which can affect the ecology of the forest ecosystem. Natural
disturbances, in particular, create snags and different-aged
ponderosa pine stands, which provide den-sites and food
resources for squirrels.
MANAGEMENT IMPLICATIONS
Because forest management practices seemingly have the
largest effect on species dependent on forest heterogeneity, it
is particularly important that forest managers consider both
plant and animal species in forest management decisions.
According to Shepperd and Battaglia (2002), forest managers
should consider species needs as well as natural disturbances
to maintain old-growth heterogeneity and minimize impacts
to species dependent on such forests. By doing so, species
reliant on heterogenic forests, like the northern flying
squirrel and red squirrel, can thrive into the future.
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NOTES
TWO-HEADED WHITE-TAILED DEER FETUS—On 6
April 2018 a female white-tailed deer (Odocoileus virginianus
dakotensis) was hit and killed by a vehicle along HWY 1806
in rural Morton County, North Dakota, USA (N46o 38.617;
W100o 42.901). Based upon dental eruption and wear
(Severinghaus 1949), the female was estimated to be a >4.5
years-of-age. A male fetus with parapagus diprosopus (i.e.,
shared face) apparently was expelled from the adult female,
and a domestic canine (Canis lupus familiaris) carried the
fetus to a private residence. The resident contacted the North
Dakota Game and Fish Department (NDGFD) to turn in the
fetus. On 10 April 2018, NDGFD employees attempted to
retrieve the carcass of the adult female; however, coyotes
(Canis latrans) had scavenged most of the carcass, leaving
only the head, spinal column, and legs.
Fetus measurements were as follows: total length (right
head), 430 mm; chest girth circumference 245 mm; hindfoot
length, 135 mm; left head circumference 200 mm; right
head circumference 182 mm; combined head circumference
268 mm; and weight 1520 g. We estimated the fetus to be
136 to 143 days old, based upon hindfoot length and fetus
weight, respectively (Short 1970). Duplication of the heads
was incomplete, as they were joined laterally at the right
mandible of the left head and the zygomatic arch of the right
head, with the sagittal crests of the two heads forming an
angle of about 60o (Fig. 1). Both heads shared an ear (Fig.
2). Radiography revealed the heads were jointly attached

Figure 1. Close-up photo of a two-headed male fetus
recovered from a vehicle-killed adult female white-tailed
deer in Morton County, North Dakota, April 2018.

Figure 2. Lateral full-body view of a two-headed male whitetailed deer fetus recovered from a vehicle-killed adult female
white-tailed deer in Morton County, North Dakota, April
2018. Black lines on photo-board are at 10 cm intervals.
to the spinal column at the first cervical vertebra (Fig. 3).  
It is doubtful that this fetus could have survived birth, and
it is possible it would have resulted in dystocia and death
of the dam (D.M. Grove, DVM, personal observation).
Diprosopus is a very rare congenital abnormality; in humans
(Homo sapiens) conjoined twins occur at a rate of about 4
to 19 per 1,000,000 births, and diprosopus occurring about
2 per 1,000,000 births (Chih-Ping et al. 2011, Bidondo et al.
2016). It has been suggested this malformation, at least on
occasion, is the result of a genetically imperfect embryo; that
is most commonly accompanied by a non-functional heart or
a competent brain (Spencer 2001).
There are no previously documented cases of twoheaded deer from North Dakota (R.E. Johnson, Big Game
Biologist (retired), NDGFD, personal communication).
Conjoined twins in domestic livestock have been reported
relatively frequently in the literature (Purohit et al. 2012).
However, Kompanje and Hermans (2008) reported a total of
only 20 cases of conjoined wild mammals in the scientific
literature between 1671 and 2008. Of these, five were
members of the deer family (1 moose [Alces alces], 3 elk
[Cervus canadensis], and 1 white-tailed deer, which was a
fetus with parapagus dicephalus [i.e., shared body with two
separate heads] from Roscommon County, Michigan [Fay
1960]). Not reported in Kompanje and Hermans (2008) was
another white-tailed deer fetus with parapagus dicephalus
from Pennington County, South Dakota (Severson et al.
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Figure 3. Radiograph of a two-headed male white-tailed deer
fetus recovered from a vehicle-killed adult female whitetailed deer in Morton County, North Dakota, April 2018.
Both heads attach to the spinal column on the first cervical
vertebra.
1972). Recently, D’Angelo et al. (2018) reported a stillborn
fawn with parapagus dicephalus found in Houston County,
Minnesota. Thus, to our knowledge, the North Dakota fetus
is only the fourth conjoined white-tailed deer reported in the
literature. This fetus is preserved and stored in the Vertebrate
Museum, Starcher Hall, University of North Dakota, Grand
Forks (Accession No. UND4071).
We thank K. Graner for quickly notifying the NDGFD
about this fetus. We also thank the reviewers for their helpful
comments and suggestions.—William F. Jensen, Daniel
M. Grove, Ryan J. Herigstad, and William J. Haase, North
Dakota Game and Fish Department, 100 North Bismarck
Expressway, Bismarck, ND, 58501, USA. Corresponding
author (bjensen@nd.gov).
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RED-BELLIED
SNAKE
(STORERIA
OCCIPITOMACULATA) COPULATION IN SOUTH
DAKOTA — Storeria occipitomaculata is a small, terrestrial
species of snake that occurs across much of eastern North
America (Ernst and Barbour 1989, Ernst 2002, Ernst
and Ernst 2003). Due to this widespread distribution, S.
occipitomaculata faces varied climates that likely result
in regional differences in reproductive phenology.   Much
of what is known about the reproductive ecology of S.
occipitomaculata has been documented from the southeastern
portion of its range in North America (South Carolina:
Semlitsch and Moran 1984, North Carolina: Willson and
Dorcas 2004), though Blanchard (1937) studied a population
from northern Michigan. The exact reproductive timing in this
species has been difficult to determine due to the longevity of
sperm in female oviducts (Trapido 1940), but reproduction
is suspected to occur throughout the spring, summer, and
fall (Wright and Wright 1957, Fitch 1970). In eastern
North America, multiple sources report reproduction in this
species as occurring in the spring and fall (e.g., DeGraaf and
Rudis 1983, Mitchell 1994, Beane et al. 2010), with direct
observations of copulation reported in May (North Carolina:
Palmer and Braswell 1995), July (New York: Bishop 1927),
and September (Kentucky: Cupp et al. 2012, New York:
Trapido 1940, Pennsylvania: Meshaka 2010). Fewer details
are available on when this species reproduces in the northern
Great Plains along the western boundary of its distribution,
with a single published observation of a road-killed female
found in August in Manitoba, Canada, with a copulatory
plug, suggesting recent copulation (Gregory 1977).
Storeria occipitomaculata has a patchy distribution in
eastern South Dakota, with an isolated, disjunct population
in the Black Hills (Smith 1963, Ballinger et al. 2000).
Though knowledge of the distribution of S. occipitomaculata
in South Dakota has increased in recent years (Davis et al.
2016, 2017, Davis 2018), this species remains infrequently
observed in South Dakota, which has resulted in a paucity of
information on its natural history. Both Cahoe and Troelstrup
(2004) and Dieter and Ronningen (2017) studied populations
of S. occipitomaculata in South Dakota, but neither report
observations of copulating individuals. Here, I report an
observation of spring copulation for S. occipitomaculata in
southeastern South Dakota.
On 28 April 2018 at 1508 h, I discovered a copulating
pair of S. occipitomaculata (TNHC 111513 [DRD 4728]:
male, 3.1 g, 188 mm SVL, 61 mm tail length; TNHC 111514
[DRD 4729]: female, 3.6 g, 205 mm SVL, 60 mm tail length)
under a wooden board (ca. 1 m2), adjacent to an abandoned
grain elevator, east of Milltown, Hutchinson County, South
Dakota, USA (43.42681°N, 97.79309°W; WGS 84). As
I was collecting the copulating pair, I found another adult
male (TNHC 111424 [DRD 4730]: 3.3 g, 207 mm SVL, 54
mm tail length) immediately adjacent to them. Numerous
S. occipitomaculata were observed under cover objects and
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crossing roads in this region during snake surveys from 28
April–3 May 2018, corresponding with the first series of
warm days for the year (ambient high temperatures: 16.7–30°
C).
This observation provides the first published account of
S. occipitomaculata copulation in South Dakota and is likely
one of the earliest observed copulation events for this species.
Other authors such as Kiesow (2006), Collins et al. (2010),
LeClere (2013), and Moriarty and Hall (2014) have suggested
spring and/or fall copulation for S. occipitomaculata, but none
provide details on copulation from the region. Temperature
has been shown to trigger activity in S. occipitomaculata
(Semlitsch and Moran 1984) and likely influences emergence
from winter dormancy and reproductive behaviors like many
other North American snakes (Duvall et al. 1982, Gregory
1982). Further, the ability for female S. occipitomaculata
to store sperm (Trapido 1940) makes determining the exact
reproductive timing for this species difficult, which highlights
the importance of direct observations.
Funding for fieldwork was provided by a Wildlife
Diversity Small Grant through South Dakota Game, Fish and
Parks (SDGFP) awarded to DRD. Specimens were collected
under a SDGFP Scientific Collecting Permit (2018_#38)
issued to DRD and deposited at the Biodiversity Collections
at the University of Texas at Austin (TNHC). All fieldwork
and specimen collection followed an approved University
of South Dakota IACUC protocol (#13-04-16-19D). I
thank R. Davis, J. Farkas, D. Fogell, and C. Schmidt for
helpful comments on this note, T. LaDuc and K. Hornung
for receiving and cataloging specimens, and both R. Bell
and R. McDiarmid for access to the Smithsonian library.—
Drew R. Davis, School of Earth, Environmental, and Marine
Sciences, University of Texas Rio Grande Valley, 100 Marine
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Zoology, National Museum of Natural History, Smithsonian
Institution, Washington, D.C. 20560, USA; e-mail: drew.
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NEW BREEDING RECORD AND LOCATION FOR
WILSON’S PHALAROPE (PHALAROPUS TRICOLOR)
IN THE NEBRASKA GREAT PLAINS, USA- Wilson’s
phalarope (Phalaropus tricolor; Scolopacidae) is a migratory
shorebird that relies on interior wetlands for foraging and
breeding (Colwell and Jehl 1994, van Gils et al. 2018). Its
global population status is unclear (Colwell and Jehl 1994,
Lesterhuis and Clay 2010), and is variously listed as declining
(Morrison et al. 2006, van Gils et al. 2018), increasing
(Andres 2009, BirdLife International 2018), and exhibiting
a long-term decline but recent stability (Sauer et al. 2011,
Andres et al. 2012). Its global population estimate of 1.5
million birds has not been updated for 30 years, since 1988
(Colwell and Jehl 1994, Lesterhuis and Clay 2010, Andres
2012). In Nebraska, analysis of Breeding Bird Survey data
indicate a population decline in Wilson’s phalarope by ~1.5%
between 1966 and 2014 (Sauer et al. 2017).
Published maps of the breeding range Wilson’s phalarope
vary but typically include north-central and northwestern
Nebraska as its easternmost extent (Sauer et al. 2017, Silcock
and Jorgensen 2018, van Gils et al. 2018, but see also Colwell
and Jehl 1994). Their historic breeding range has contracted
due to the conversion of native grasslands and wetlands to
agriculture (Lesterhuis and Clay 2010), but in recent decades
their breeding range has also expanded, particularly eastward
(van Gils et al. 2018), presumably as birds search for suitable
new habitat. In contrast to most other shorebirds, Wilson’s
phalaropes forage mainly while swimming and thus require
close proximity to wetlands at all stages of their life cycle
(Lesterhuis and Clay 2010). They are considered highly
vulnerable to drought and other climate variables (Lesterhuis
and Clay 2010, Galbraith et al. 2014), and recent climate
modeling predicts a 100% loss of their current breeding range
by 2080 due to global warming (National Audubon Society
2015).
In Nebraska, Wilson’s phalaropes are documented as
breeding regularly in the Sandhills and northern Panhandle
(Jorgensen 2012, Silcock and Jorgensen 2018). The
Rainwater Basin, situated south of the Platte River in southcentral Nebraska, is not included in published maps of their
breeding range, and most natural wetlands in this area were
drained for agriculture over the past ~150 years (Jorgensen
2012). However, Wilson’s phalaropes have occasionally been
reported in this area during their breeding season (Sharpe
et al. 2001, Jorgensen 2012, Silcock and Jorgensen 2018).
Most such reports have not included evidence of breeding,
but exceptions include reports of fledglings in 1985, 1996,
and 2007, and nests in 1987, 1988, 1991, 2005, and 2007
(Sharpe et al. 2001, Jorgensen 2012, Silcock and Jorgensen
2018). A 2017 nest with eggs in Fillmore County (Silcock
and Jorgensen 2018), together with the new record we detail
below, comprise the first evidence of Wilson’s phalarope
breeding in the Rainwater Basin in 10 years.
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Here, we report a first known case of successful breeding
of Wilson’s phalaropes on Mormon Island in June–July 2017,
at a site approximately 350 km southeast of its main breeding
range in Nebraska and 260–320 km north of documented
breeding areas in Kansas. We observed territorial adult and
subsequently juvenile Wilson’s phalaropes on this river
island, formed by two channels of the Platte River, which
is typically characterized by ephemeral sloughs in spring
that dry by early to mid-June. We detected a pair of adults
on 5 June 2017 and again on 8 June 2017, who exhibited
territorial behavior by repeatedly circling the same location
and vocalizing in a manner that suggested that they were
protecting a nest.   Breeding was confirmed when two
juvenile birds, accompanied by two adults, were detected
on 28 June 2017. Two juveniles were subsequently detected
and photographed on 30 June and again on 15 July (Fig.
1). Some other nests reported in this region were found in
wetland areas with recent intensive grazing by cattle (Silcock
and Jorgensen 2018), and the breeding location documented
here likewise featured grazing by cattle that were present at
the site.

Figure 1. Two juvenile Wilson’s Phalaropes on Mormon
Island, Nebraska, 15 July 2017.
In the scientific literature, Wilson’s phalarope is
consistently described as selecting nest sites within 100 m
of wetlands (e.g., Colwell and Jehl 1994, Lesterhuis and
Clay 2010, van Gils et al. 2018). This breeding location on
Mormon Island featured no permanent natural wetland, but
both adult and juvenile phalaropes were regularly observed
in close proximity to an above-ground water tank constructed
from a farm machinery tire. Situated approximately ~ 1 km
from each of two branches of the Platte River, this tank was
equipped with a hose that provided a continuous steam of
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water that overflowed to flood the surrounding vegetation.  
This and other recent records of Wilson’s phalarope breeding
in new locations underline the need for more data and a better
understanding of its population dynamics and prospects in
light of ongoing habitat and climate change (Lesterhuis and
Clay 2010, Andres et al. 2012, Galbraith et al. 2014). In June
2018, Wilson’s phalaropes were sighted again on Mormon
Island, which we will continue to monitor for birds.
We thank the staff and trustees of the Crane Trust for
supporting this study, and K. King for alerting us to the lack
of local breeding records for this species. We are also grateful
to H. Hagy, C. Jacques, and other reviewers for helpful
comments that allowed us to improve the manuscript.—
Madison O. Sutton1 and Nico Arcilla. Crane Trust, 6611 W.
Whooping Crane Dr., Wood River, Nebraska, 68883, USA.
1
Corresponding author email address: madisonosutton@
gmail.com.
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BOOK REVIEWS
SEDGES AND RUSHES OF MINNESOTA: THE
COMPLETE GUIDE TO SPECIES IDENTIFICATION.
Welby R. Smith; photography by Richard Haug. 2018.
University of Minnesota Press, Minneapolis, Minnesota,
USA. 667 pages. $39.95 (paper). ISBN: 978-1-5179-0275-9.
Even the most seasoned individual with a plant
identification background can relate to the difficulty of
identifying sedges and rushes to the species level. Historically,
one has had to rely on dichotomous keys to identify a sedge
or rush species in the field. After hours of frustration, a
person ends up collecting the plant and, if lucky, bringing
the collection back to a herbarium where it can be compared
to known specimens. I have been collecting and identifying
sedge and rush species for over 25 years, and author Welby
Smith along with photographer Richard Haug have published
what I believe will be considered one of the most usable field
guides for sedge and rush identification in the upper Midwest.
I believe I should mention early in this review what makes
this book such an amazing resource for field identification of
sedges and rushes—the photography. The photography is of
the highest quality I have ever seen! The array of photographs
included with each species focuses on the characteristics that
clearly differentiate one species from another. Each species
usually has a photograph of the whole plant and sometimes
the plant within its habitat. There are always photographs of
the inflorescence and fruit, including perigynia or capsules
and achenes or seeds. For example, the genus Carex includes
photographs of the scale (sometimes the scale with the
perigynium), the perigynium (usually dorsal and ventral
views), and the achene, and in certain cases there are multiple
photographs of each showing the changes in color during the
season. Most of the photographs are of living plants and their
parts, which is exactly what one would see in the field. Having
pointed out this fact, it is mind boggling how much time and
effort that the people involved in the production of this book
must have dedicated to putting this resource together. It had
to be a passion or, at least, an obsession toward perfection.
Sedges and Rushes of Minnesota starts with an interesting
Preface that discusses the fact that sedges and rushes are
closely related molecularly to one another, and even though
they are grass-like, they are “distant cousins” to the grasses.
It continues by including basic descriptions of morphological
characteristics of sedges, rushes, and grasses. I agree with the
author in the Introduction where he indicates that, although
the book is similar in style to the Flora of North America,
there is not the same degree of technicality. The descriptions

throughout the book are regionally specific to collections
within Minnesota and express their variability only within
the state. The Introduction also includes explanations and
color maps of the major substrate types and vegetation zones
of Minnesota. Users may find themselves referring to these
maps frequently because each species within the book has
county locations indicated on a Minnesota state map.
The fact of the matter is that a novice is going to have
difficulty identifying sedges and rushes; however, everyone
must begin somewhere, and this book will give the beginner
the best chance of learning to identify these species correctly.
The key to the genera at the beginning of the book, the keys
to taxonomic sections and species, and genera and species
descriptions do include technical terminology that the reader
will have to understand. These technical terms are necessary
for these species, and most terms within the book are in the
glossary. The glossary along with the high-quality photos
give most terms clear meanings for the reader.
Each genus has a basic technical description of the
characteristics common to that genus followed by a key
to sections or species, typical of most plant identification
books. I especially appreciate the definitions and high-quality
photographs of the technical terms used in the different genera.
For example, in the genus Carex, the photographs showing
inflorescence with male and female spikes, gynecandrous
spikes, and androgynous spikes make the meaning of these
terms crystal clear. It should be noted that the genus Carex
is broken down first by major section, and then by species.
Two pages are dedicated to each species. The first page
includes the current scientific name and a list of synonyms.
The author does not provide the common name of species due
to lack of agreement by many on the proper common name
of sedges and rushes. There is a short technical description
of the major morphological characteristics and the timing
of maturity within Minnesota. The technical description is
followed by a less technical description, utilizing layman’s
language and interesting information on the species. The
last section of the description includes information on
habitat characteristics. The color map of Minnesota includes
collection locations within the counties and major vegetation
zones. The second page is dedicated to the high-quality
photographs described above.
Upon receiving this book, I actually had a large number of
sedge and rush species that I had collected as part of fen and
wetland research conducted during the last two field seasons.
I figured the easiest way to test the usability of this book is to
key out the species collected. It was the quickest and easiest
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time I have ever had keying out these species. For example,
I have always struggled with the Carex section Phacocystis,
especially species like C. aquatilis, C. emoryi, and C. stricta.
The ease of use of the keys developed and the high-quality
photographs gave me new insights into these species, to the
point where I now feel comfortable easily identifying these
species in the field. Of course, I am going to make sure I have
this book with me in the field, just to be positive. —Edward
S. DeKeyser, Professor/Program Leader, Natural Resources
Management, North Dakota State University, Fargo, North
Dakota 58108, USA.
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BEHAVIOR OF THE GOLDEN EAGLE: AN
ILLUSTRATED ETHOGRAM.
David H. Ellis (illustrated by N. John Schmitt). 2017.
Hancock House Publishers Ltd., Surrey, British Columbia,
Canada. 96 pages. $29.95 (paper). ISBN: 978-0-88839-0783.
Author David H. Ellis and illustrator N. John Schmitt
deliver precisely what is promised in Behavior of the Golden
Eagle: An Illustrated Ethogram. This “little volume,” as
the author coins it, represents a single source for defining,
identifying, and describing behaviors of the Golden Eagle
(Aquila chrysaetos). With the inclusion of Schmitt’s
exceptional drawings, the book is a piece of art, as well as
the most useful manual describing Golden Eagle behaviors.
Nearly four decades earlier, Ellis (1979) authored the very
first Golden Eagle ethogram—the set of repeated standard
behaviors for a species called action patterns—and in his new
book, he has now synthesized and refined these descriptions
to provide the true essence of the species in a format that is
widely accessible and useful for many other species.
Ellis has published more than 100 papers on birds of
prey and has studied Golden Eagles across the world in their
extensive northern circum-hemispheric range. As author
of Enter the Realm of the Golden Eagle (Ellis 2013), he
collected and contributed to a nearly 500-page non-fictional
anthology of accounts of the Golden Eagle in its habitats
around the world. Schmitt, a decorated wildlife artist and
biologist, specializes in scientifically accurate depictions of
birds. Among other products, his artwork is highlighted in
two field guides on raptors in different parts of the world
(Clark 1979, Clark and Schmidt 2017). In Ellis and Schmitt,
we see a pair of highly qualified individuals collaborating
to produce a remarkably unique view of Golden Eagles and
their behaviors.
The brief introductory chapter is co-authored by Ellis
and James W. Grier, who currently is a Professor Emeritus
at North Dakota State University and was my graduate
school advisor for my doctoral research and dissertation.
Grier is an internationally recognized eagle biologist and
an author of an early animal behavior textbook (Grier
1984). The Introduction to Behavior of the Golden Eagle:
An Illustrated Ethogram sets forth the foundation of the
science of ethology and would be beneficial to anyone who is
interested in better understanding animal behavior and what
specific postures likely mean in certain contexts. The chapter
provides rationale for the naming system for behaviors being
predicated on actions (i.e., Bill Wipe) rather than assumed
functions (i.e., Cleaning Bill). The Introduction also serves
as a bit of history lesson to provide context for the discussion
that follows. There is, however, no clear distinction of Grier’s
participation and contributions here and elsewhere in the
book, and a general reference to “we” throughout the text
confounds the contributions among Ellis, Schmitt, and Grier.
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A good deal of the behavioral information appears to come
from direct observations by Ellis and is described using past
tense as if he were writing a scientific report. Indeed, the
book includes a Methods section, but in lieu of describing the
methods used to collect the reported data, the section focuses
on standard recommendations for conducting research on
Golden Eagles, such as maintaining an appropriate distance
from nests. This could be avoided by a more descriptive
section heading such as Eagle Research Methods. These
irregularities may lead to minor confusion to the reader, but
the information and knowledge shared throughout the text is
relevant and accurate.
The book is sectioned into the major behavioral categories
that might be expected including maintenance (sleeping,
care of body surfaces, thermoregulation), locomotion
(flight, ambulation, swimming), predation (locating prey,
attacking, subduing, preparing), ingestion and elimination,
social behaviors, territoriality, and parental care. What is
truly unique about Ellis’ approach is that the behaviors are
covered in chronological order from the perspective of the
bird: action patterns appearing earlier in life are described
first, while parental behaviors of mature eagles are described
last. Sequential ordering and more than 50 numbered figures
(including more than 100 hand-drawn illustrations by
Schmitt of eagles in various postures and planes) make it
easy to visualize the behavioral repertoire of the eagle and to
understand the terms describing each behavioral act
Aside from the exceptional flow displayed in the
Introduction, the text relies on brief descriptions and
definitions of behaviors to drive the narrative. Of course, the
book is not intended to be a novel, but not every reader will
find the long series of behavioral descriptions to be engaging.
Behaviors are described in sufficient, but succinct detail,
and frequently include a deep knowledge of the species
and anecdotes to support inclusion of the action in this
ethogram. Readers who are looking for concise, but explicit,
descriptions of action patterns will appreciate this format and
find it easy to use
The softcover format of the “little volume” seems unique
considering its utility as a manual for studying eagle behavior.
The almost cartoonish cover art does not belie the quality
of the science within. In general, the behavioral descriptions
have been refined through several decades of working with
the species and are logical in arrangement. There are times
when certain behaviors, particularly vocalizations, are based
upon a single observation or similar accounts from other
scientists. These behaviors seem to have been included to
provide a breadth of potential vocalizations, while other
physical behavioral actions were combined for the sake of
space and establishing standard definitions.
The book provides many user-friendly accessory sections
including a Table of Contents that provides a full outline of
specific behaviors, a brief Glossary that focuses on falconrybased vocabulary that often are misused in ethology, a
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Thematic Appendix that provides behavior terminology
listed under themed sections, and an Alphabetical Index of
all behaviors described. An excellent list of references and
deference to broader works reinforce Ellis’ goals in producing
this work. The Conclusions section focuses on using the book
to identify aberrant or new behaviors to identify signs of
illness or stress.
In summary, Behavior of the Golden Eagle: An Illustrated
Ethogram is a fantastic resource for anyone interested in
better understanding the Golden Eagle, closely related
species, or using the ethogram to develop research guides
for loosely related species. This book represents a wealth
of primary source knowledge gained from nest watching,
raising, and living with Golden Eagles. This book is
designed for the scientist, the birder, and the enthusiast, and
will serve each equally well. My hope is that this review
will help people recognize what they are getting with this
publication—an excellent set of behavioral characteristics of
Golden Eagles built upon a lifetime of observations that can
be used to guide investigations and investigators well into the
future.—Jeremy E. Guinn, Department Chair, Environmental
Science Department, United Tribes Technical College, 3315
University Drive, Bismarck, North Dakota 58504, USA.
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NORTH AMERICAN DUCKS, GEESE & SWANS:
IDENTIFICATION GUIDE.
Frank S. Todd. 2018. Hancock House Publishers Ltd.,
Surrey, British Columbia, Canada. 203 pages. $34.95
(paper). ISBN: 978-0-88839-093-6.
The North American Duck, Geese & Swans: Identification
Guide, released in 2018, is the culmination of a lifetime of
waterfowl photography by the late Frank Todd. Indeed, this
book stands apart from other identification guides as being
entirely photo-driven, with minimal introductory material,
notations of field marks, or descriptions of the various
waterfowl species. It is small enough to be carried in the field
(6.5” × 9” × 0.5”), but most readers will find it less useful
than a standard bird identification book (Sibley 2014), even
for waterfowl. As the title suggests, the Todd guide focuses
on North American species, but also includes an opportunistic
sample of some vagrants. The sheer number of photographs
is impressive (even overwhelming at times), and this guide
would make a colorful addition to the libraries of amateur
waterfowl enthusiasts across North America.
The book format is straightforward: each group of birds
(e.g., dabbling ducks, sea ducks) begins with a conversational
paragraph that provides an entry-level description of basic
life history and behavior. Within taxonomic groupings,
each species that follows is allotted 1–3 pages with a small
range map, one line of morphological measurements,
four bullet points of identification tips, and an estimated
North American population size that sometimes includes
worldwide estimates. The overwhelming majority of each
species account is composed of 5–45 photos of the bird in
question. Interestingly, the photos themselves have been
clipped to silhouettes in photo-editing software, i.e., ducks are
“floating” on a monochromatic page rather than swimming
on the water or flying through the air as they were in the
original photograph. This cropping method is similar to that
used in the Crossley ID Guide: Waterfowl, but Crossley et
al. (2017) set collages of clipped photographs into a realistic
photo backdrop to highlight the habitat in which species are
commonly observed.
Photo selection seems opportunistic in the Todd guide:
readers should not expect a comprehensive presentation of
every age and sex combination, and photos of hatching-year
juveniles typically are limited to a photo or two of young
(Class 1) birds. Other recent waterfowl guides such as those
by Reeber (2015) and Crossley et al. (2017) are vastly more
comprehensive in terms of photographs, plate drawings, and
extensive text descriptions of waterfowl in various plumages
(in addition to providing more in-depth waterfowl biology
and ecology). In the Todd guide, photos are not clearly
delineated into categories, which means that ages and sexes
are interspersed on a given page. Critically, most photos are
unlabeled (e.g., 0 out of 21 photos of the American Black
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Duck [Anas rubripes] are labeled) which makes comparing
age- and sex-specific field marks nigh impossible (especially
for newcomers to waterfowl identification). For example,
the page for Blue-winged Teal (Spatula discors) potentially
shows female birds and also males in eclipse plumage, but
there are no labels on any of the 23 photographs, so the only
identification the casual reader can make is that “these are
Blue-winged Teal.” Some of the shortcomings in labeling
perhaps make sense if the author was unable to make a positive
identification from a distance in the field. But then again,
there are some labels assigned as definitive identifications
that seem highly questionable (for example, the “subadult
male” Cinnamon Teal (Spatula cyanoptera) on page 85
with greater secondary coverts that show no dark spotting
at the tips [Carney 1992]). The photographs as presented
do an admirable job of showing birds—most commonly
adult males in breeding plumage—in a variety of poses, but
some readers may question whether more than 20 photos of
male Canvasbacks (Aythya valisineria) are necessary for an
identification guide. A further word of warning to the more
technical reader: species are not presented in phylogenetic
order, and do not follow the 2017 taxonomic revision by the
American Ornithological Society (Chesser et al. 2017), so 11
species have incorrect scientific names.
One of the highlights of this guide is the diversity of pictures
of rare vagrants from Europe, Asia, and South America. It can
be challenging to find decent photographs of these species,
let alone photos of ducks in eclipse and juvenal plumage
(e.g., Falcated Duck [Mareca falcata]). The guide to urban
waterfowl at the end of the book is also useful, and provides
a photographic sampling of species observed in parks or
farms that are commonly kept by amateur waterfowl fanciers.
More technical readers also may appreciate the splitting of
subspecies (e.g., Common Eider [Somateria mollissima],
Canada Goose [Branta canadensis]), but regrettably, the
layout of the book and lack of direct comparative text makes
learning the differences between them difficult.
In general, amateur waterfowl enthusiasts may appreciate
the diversity of photos in this guide, but many readers may
be frustrated by the lack of organizational structure, photo
labels, and descriptive text which have become the norm in
bird identification guides. This book clearly does not seek
to fit that same mold, and pursues a completely unique
style of presentation. The North American Ducks, Geese &
Swans: Identification Guide is, at its core, a celebration of the
diversity of North American waterfowl in various postures
and plumages as shown through an impressive collection of
photographs painstakingly gathered by Frank Todd over an
illustrious career.—Kevin M. Ringelman, Assistant Professor,
School of Renewable Natural Resources, Louisiana State
University AgCenter, Baton Rouge, Louisiana, 70803, USA.
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CANIDS OF THE WORLD: WOLVES, WILD
DOGS, FOXES, JACKALS, COYOTES, AND THEIR
RELATIVES.
José R. Castelló. 2018. Princeton University Press,
Princeton, New Jersey, USA. 331 pages. $29.95 (paper).
ISBN: 978-0-691-17685-7.
Canids of the World is one of those reads where just when
you think that something cannot be beat, this book comes
out. What I mean by that is that I have read many works on
wolves and other canids, most recently Nate Blakeslee’s
American Wolf (Way 2017), and I have enjoyed and been
enthralled with many of them. But Canids of the World may
take the cake for being the most impressive book available
on canids. For a modest price of just under $30.00, you
can own a book that has over 600 amazing high-resolution
glossy photographs of every canid species (and subspecies)
known from around the globe. These color plates, which are
based on real photographs, are the core of this guide (p. 25).
Canids of the World is an extremely detailed book and a very
impressive feat to fit all of the information on canids into an
attractive, manageably sized field guide of 331 pages.
Canids are the most widespread carnivoran family as they
occur throughout the world from the Arctic to the tropical
forests, living just about everywhere except Antarctica (p.
20). Given the book’s dense content, author José Castelló
does a fantastic job of making this book accessible and
readable to a wide audience. As the book’s cover jacket
notes, “This stunningly illustrated and easy-to-use field
guide covers every species of the world’s canids, from the
gray wolf [Canis lupus] of North America to the dhole [Cuon
alpinus] of Asia, from African jackals [Canis spp.] to the
South American bush dog [Speothos venaticus]. It features
more than 150 superb color plates depicting every kind of
canid and detailed facing-page species accounts that describe
key identification features, morphology, distribution,
subspeciation, habitat, and conservation status in the wild.
The book also includes distribution maps and tips on where
to observe each species, making Canids of the World the most
comprehensive and user-friendly guide to these intriguing
and spectacular mammals.”
I would concur with that assessment as the book really does
discuss every species and subspecies of canid, is abundantly
illustrated, depicts species in similar poses for quick and easy
comparisons with other species, explains key identification
features and natural history characteristics (such as
distribution, reproduction, behavior, habitat, and conservation
status), draws on the latest taxonomic and scientific research,
and includes detailed range maps. The book’s design really is
superb. The photography shows each canid species covered
in the guide from various angles, and each species account is
filled with a bevy of information. Although intended as a field
guide, this book is a must purchase if you have an interest in
or are fascinated by canines.
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Canids of the World starts with an important 20-page
Introduction that summarizes and lays out the book’s major
framework for depicting the family’s 37 extant species
covering everything from the diminutive fennec fox (Vulpes
zerda) to the large gray wolf. Castelló accurately describes
the nomenclature confusion as to whether some animals are
varieties or hybrids of other species or if they are deserving
of unique species status such as the red wolf (Canis rufus),
eastern wolf (Canis lycaon), and African wolf (Canis
lupaster). There is a phylogenetic tree of the Canidae on
page 15, which nicely depicts the relationship among the
various canid species. We also learn that about 25% of canid
species are threatened and in need of protection (p. 23), but
I did notice after reading the book that many of them are not
threatened. It was heartening to read how common so many
of the species are, especially foxes and most medium-sized
canids.
The book is organized into four major sections: South
American canids, wolf-like canids, red fox-like canids, and
gray fox-like canids. The beginning of each of those sections
is phenomenal as there is a short one-page introduction
followed by a multi-page spread showing all canids in that
group next to each other. The canids are set behind a white
background, which gives great clarity to each individual
species. I admit that I am not too knowledgeable about many
of the South American canids, so it was cumbersome to read
and process the information on so many of them and their
subspecies, especially given that many are a plain gray in
color, such as the crab-eating fox (Cerdocyon thous), hoary
fox (Lycalopex vetulus), Sechuran fox (Lycalopex sechurae),
pampas fox (Lycalopex gymnocercus), chilla (Lycalopex
griseus), and the larger culpeo fox (Lycalopex culpaeus).
Similar to the confusion with the South American canids,
three red fox-like canids (Tibetan fox [Vulpes ferrilata], pale
fox [Vulpes pallida], and Ruppell’s fox [Vulpes rueppellii])
are called sand foxes, yet the fennec fox, living in sand dunes
as its ideal habitat (p. 205), was not included as one of them.
The section on wolf-like canids was a great read and was
right in my wheelhouse for canine material. I found few errors
during my detailed read of this section but did notice that
the range of the eastern coyote (Canis latrans var. or Canis
latrans × lycaon) or coywolf on page 121 was too broad.
Given that the midwestern coyote (Canis latrans × thamnos)
is a different variety (with little to no wolf introgression) of
coyote, I thought that the northeastern coyote (Canis latrans
var. or Canis latrans × lycaon) should have been given its
own separate account (Way and Lynn 2016). The eastern
wolf section indicated that the ‘Great Lakes wolf’ (p. 83)
was a synonym but I understand the Great Lakes wolf (Canis
lupus × lycaon) to be a hybrid between the eastern and gray
wolf (Rutledge et al. 2015). Lastly, the distribution map for
the northwestern wolf (Canis lupus occidentalis; p. 89) does
not include Yellowstone National Park, but the range of the
plains wolf (Canis lupus nubilus; p. 91) does include that
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area; this differs from my understanding of wolf distribution
in the northern Rocky Mountains (Smith and Ferguson 2006).
Given that subspecies accounts are not always accurate, and
likely overlap with others, these comments do not distract
from the manuscript. And these nitpicking observations
aside, I thought the five-page picture spread (p. 75–79) of
wolf-like canids was worth the price of the book alone.
It was amazing how many species had red fox (Vulpes
vulpes or Vulpes fulva) listed as a similar species which is due
to their enormous geographic range (p. 210–260). Given my
background of studying the eastern coyote/coywolf (Way and
Lynn 2016), it was comical to read about what I think of as
the miniscule red fox being described as so much bigger than
those other fox species from all over the world. I also found
it interesting that the author classified red foxes in North
America (Vulpes fulva) as a different species than their larger
European counterparts (Vulpes vulpes; p. 210).
This book has a treasure trove of information; the text
is written in small font to pack in more material per page.
I found some (about a dozen) minor errors throughout the
book, but they did not affect the read. One noticeable mistake
was on page 241 where the main predator of the Palestinian
red fox (Vulpes vulpes palaestina) was listed as the coyote,
which would be impossible given that the coyote is the only
truly native large canid found in North America (p. 74) and
does not occur in the Old World. Most people will use this
resource as a field guide and thus will not read this book indepth, but I found that it was exhausting to read the book from
cover-to-cover, as I did, given the abundance of descriptive
material. The text also is very repetitive, especially for
species that have large ranges and many varieties, such as the
section on red fox that covers 50 pages. Conversely, when
sighting a canid species in the field in a specific area, the
details and information in the text will be very helpful to
assist in keying the species. Lastly, I found myself constantly
converting body mass in kilograms to pounds in the species
description sections and might suggest that a future edition
use both metric and English units of measurement to make
them transferable to all researchers in the field.
I thoroughly enjoyed Canids of the World and highly
recommend this book for nature enthusiasts. The book is
phenomenally illustrated and will look great on anyone’s
coffee table or in their library, especially given the very
reasonable price of the book.—Jonathan (Jon) Way, Founder
of Eastern Coyote/Coywolf Research, 89 Ebenezer Road,
Osterville, Massachusetts 02655, USA.
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The Great Plains Natural Science Society
The Great Plains Natural Science Society, formerly the North Dakota Natural Science Society, was founded in 1967 and seeks
to promote interest in and understanding of natural history in the Great Plains, to encourage the conservation of natural resources,
and to provide communication among individuals, institutions, and organizations of like interests. The GPNSS actively promotes
the study of natural history of the Great Plains region, including geology, plants, birds, mammals, fish, insects, and other forms
of life. Together with local, state, and national conservation organizations, the GPNSS fosters natural resource conservation and
preservation of outstanding natural areas. The GPNSS publishes The Prairie Naturalist, a widely read, peer-reviewed journal which
deals with the natural history and environment of the Great Plains region.
The GPNSS is currently composed of a diverse membership, many of whom are professional scientist. Society members have
strong interests in sustainable management of Great Plains natural resources and their habitats. Natural history and ecology of
the Great Plains is the primary focus and interest of the GPNSS, thus, the primary interests and goals of the Society seeks to
promote increased scientific knowledge of the interactions of all Great Plains organisms with their natural environments, enhance
professional stewardship of Great Plains natural resources and their habitats, and encourage use of applied research for informing
Great Plains natural resource policy decisions.
The GPNSS hosts annual meetings and serves host to symposiums covering a broad spectrum of topics. Located jointly within
the Department of Biological Sciences at Western Illinois University and 410 Sunset Lane in Brookings, South Dakota, the GPNSS
takes great pride in working with students, staff, and faculty to foster a greater understanding of the natural history and ecology of
Northern Great Plains organisms and their biota.
First published in 1969 by the University of North Dakota, The Prairie Naturalist has been published by Minuteman Press
since 2013 and fills an important role as the avenue of communication of research on the North American grasslands and their
biota. Research topics include articles investigating Great Plains community and landscape ecologies, species-specific population
dynamics, mammalogy, ornithology, invertebrate zoology, herpetology, ichthyology, botany, animal behavior, infectious diseases,
and biostatistics. This journal offers timely technical information for researchers, educators, students, and the interested public.
Published quarterly, The Prairie Naturalist reaches subscribers throughout the United States and Canada, as well as libraries in
Europe and Asia. A portion of each volume is devoted to shorter and less comprehensive communications (notes) and book reviews.
Manuscripts containing original material not submitted elsewhere are considered for publication; all are reviewed by specialists in
relevant fields.
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